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PLASTIC RE?RESEHTATION OF RELIEY ON MAPH

Plasticheskoye Izo. Petr Konstantinovich Koldayev
brazheslye Rel'yefs . o
~aba ),(artakh, Moscow,
1956, pp. 1-127
ANNOTATION
This work deals with ways of ;epreaenniﬁg relief
on maps by means of shadow and draws on'the experience
of cartography both in this country and abroad. Des-
criptive information is provided on the method} tech-
niques.and color cambinations used in plastic representa-
tion, as well as on the technology involved in the
preparation of relief maps and its applications to the
répresentation of relief by means of shadows.
The book is intended as an aid both to active
cartographers and to students of institutions of
higher learning specializing in cartography, in their
study of techniques and practical exercises in the

representation of relief by means of shadows.

FOREWORD

The plastic representation of relief on maps has
now been in use for over 190 Years. Yet many of its aspects
still need to be explored. It still cannot be said that
our knowledge is adequate as to.the desirable properties
of the image conveyed, -the characteriéfics of par-

ticular color combinations, and the method and techniques

- / -
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to be applied in producing the image. The filling in

of existing gaps in this field 1s one of the probmlems
faced by cartographers womnldnsg—tn—ib, .

The object of the present work is to examine the
basic means, technical procedures and methodology involved
in Plastic ﬁgzzgéggitan. The author has aimed at a
clear and simple exﬁosition of problems relating to
the representation of masses and space on a map, through
a description not only of the means and procedures
applied at various étagea, but algo of their »kmak
relation to one another, and the place each oscupled
in the entire chain of procedures involved,

This work attempts to gmmaxmkimm draw generalizations
both from published research .nd from the methodological
and technologioal exberience of production.

The theoretieal foundations of plastic representation
still remain to be adequately elaborated, - It 1s only
natural,khxk in a work that reflects the contemporary
statugs of our teshnqies, that certain conclusions
have to be qualified as provisional. Further experlence
and research in specifd phases of the problem, such
as plasdic techniques in color, may ultimately lead

" to the revision of some of the views that are now °
current.,

Our work has its share of inadsquacies and
inacouracies, as may be e;pected in view of the paucity
of research in the fleld. The author welcomes all

aymg .
suggestions adming at Iimproving this book.
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The color illustrations appeariﬁg in this book were .
prepared in the course of research at the Central Research

Institute of Geodesy, Aerial Photography and Cartography

(TsN1IGALK), directed by the present uuthor. Printing

processes are responsible for some loss of quality in
the half-tone and oclor illustrations.
The author wishes to express his gratitude to
G.P. Davydov. Cend.date in the Technical Sciences,
wh( wssumed Lhe responsibility for editing this book,
amd LC 5. G. Tikhomirov, for his critical reading of
the ranuscr.pt and a number of suggest.ons that improved
the text in certuin section.
INTRODUCTION

1. The visual representation of rellef on maps

The representation of rel.ef is one of the more
important and fundamental elements of a map. A wide
renge of practicel problems which come up in various
gsectors of the naticnnl economy, require the use
of maps and the representation on them of various
features of relief on the earth's surface.

Cartography, throughout its history, has made
use of a variety of means for representing relief,
and these differ from one another substantially both
in technique and .in visual effect. However, for al%
their diversity, the main purﬁése‘of gll these
procedures is tc tconvey on & map, €.g. on & flat
image, not only the outlines of the distribution of

s
...é}x,w
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rolisf forms in two dimensions, but also the rslationship

in altitude of apecific points, surfaces and elements
of ri¥of, Thus, the ¥epresentation of relief Em
mEEX differs from other elementa entering in%o & map
in conveying, in 2 dimensions, the ohﬁrécteristicu

of the rslief of the earth's ngrrace in 3 dimensioza.

Depending on tﬁa visual properties of the means
used to convey rellef, the result iz variously
perceived.

. In gome cases, for example, kie use 13 made of
the metric properties of thelmeans employed., Rush
is the case in the representation of relisf by means
of eontour lines, Oontour lines, which ars limes
joining pointas of equal altitude, are widely uaed
in cartography, and yleld an image whose prpperties
are muzmk essentially objective, They meke it pogaible
to determine %he altitude of the elements of relief
thaet ars represented, and to appreclate the directiom

e~ geradients

of alopes, slevationg Imakfmmidmmi Yet they do nob
RaraxiieXERapariny oonvey-an oversll, visual imags
of i#® ralisf, ‘

For this reasgen, eartegraphy often has resourse
to multiple means ﬁﬁﬁ‘rgpresentihg relief, Other
means are thus used Jolntly with contour lines é@
facilitate tho reading of relief, ‘

A means foy effestively conveying relis? ERIREER
ig partisularly noeded in maps interded for feneral

ues, The general map readei 1s mainly concevmed with

being able to appreclate av a glance the mature

'——‘Ar:——""

.
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of the relief that is represented, 1ts digtribution
in the area of the map, and mmzmnunimm its
gltitude end spatial extent.

This explains the need of plastic, or spatial

representations of relief, which allow the visual

appreciation of 1ts nature &n%:§ﬂ3§38§3¥!utiol.

T 2, The fundamentals of plastic representation.

A representation that conveys visually the maass,
three-dimensional .quality and depth of an imsge 1s
called a plastic or spatial representation,

$2dofinition of plasti€ity stems from the
Greek word "plastoa" (modelled), Originally, the
concept of plastieity was epplied o art that 5335332&"
three-dimensional models (sculpture). 8ubsequnntl&,
plasticity came to acquire a wider meaning, applied,
on the one hand, %o three-dimensional bodies in space
and, on the other, to th ir representat;on on a plane,
then.applied to a flat ir 1ge, plastlelity denotes that
property of the image wh: h allows the visual perception

thacadenskes
of the space, mass and ds =hhot " is lmage as a whols
and in all of its parts.

Gne of the means making it posaible to oreate
a visually effective plastic image is chiaroscuro.
Chisroscuro l!!%!lgiﬁi! a scale of graded‘tonea from
light %o dark, used in the representation of space
and mass on a flat purface. The term "chlaroscuro"
is also used tg denote the degres to which speoifls

points, both in an image and in an actual solid object,

- S -
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are lighted as a result of their position in rslaticm
to an 8.0 L & M. s, e 0f . ghie iradsblon.
of light and dark are used &o roproduce tha offect
of mass, three~dimensionality and depth in an image.
To denote degrees in the scale from light o dark,
sertain terms have bean arblirarily chosen: highlight,
light, helf-tone, reflected light, own shasdow, and
cast shadow,

Various branches of art and technology have
made extensive use for a long time of chlarocscurec
ag one of the most oonvinciné means for the visual
conveyance of reality.

The offsctiveness and realism of shiascuro as
a visual means derive entirely from reallty, e.g.

from the rogularitios existing in the distribution

5&4&&0
of light and % on real solid bodies under spesifis

conditions of lighting.

Theme regularities find thelr application in
all forms of objective representation, They are
one of the shief means at the disposal of the artist
in the conveyanse of reallity., The correst rendition
of the relationships betwsen various ccmponents of
chiarossuro, e.g. owvn shadow, reflested light, ete.,
is fundamental to the representation of solid bodies,

$ma Chiarosouro has been apllied %o the visual
representation of rellef in maps for a conslderable
time, As eartogrephy has progressed, the teshniques .
used to represent relilef (batohing, shading, tinting)

—¢ —
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have varied with the teohﬁiquea cf reproduétion
available for bho¢publication ¢f mepn. Howevor,
regardless of btechnique, the quality of the imsge
i.,e. the effeciveness with whieh mass was occnveyed,
has slways dcpended on the complete and correct
application of the prinsciples of chiarocacuro.

In addition to chiarcoscuro, cartography also
makes use of color ocombinations to represens relist,
These combinationa have beon baised on vardous '
principles, Thus, colors may indicate gradations
in altitude, or stand for degrecs of 1llumination
of slopes, eto, In some casos, solor combinations
mayiconvoy the affect of shadows, in others they
may not aid the perception of the solid qualities
of the imago. and in othera still, they may not
oﬁfa‘aid but, &g the eontrury,ognhibit the spatial
nfxnnkxnfxlehﬂsxuxnnzlx pereepkion of chiarcscuro.

This variability of effect is to be explained
by the fsct that ocolor combinations vary in their
optical properties swpii¥ay ‘:;}}eir componant,
coloreg,

To ob%gin an effective image, it iz necesasary
tc lmow the properties of npeoifio color Oombina+ions,qhé.
%o establish é definite color scale on the basis
of the properties of these color scombinatiOns,

Tho perception ¢f various color coﬁbinutionn
ané thekz sffesct éhoy ereate 1s not wniform for all

cbserverg, There exist appreciasble variations im

- ; ——
.
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the manner in which color combinations are.vigually
eppreciateds It is this faet that makes imperative
a systematic study of all factors, both objective and
subjective, alffecting the process of wisual color
perception. The ﬁtudy ¢ coler perceptlion is only
a preliminary astop. Yet, oven the mos$ sasnal and
guperficial observations serve to demonatr&té definite
relations betwesn specifie color combinatiens and their
apperception., Thesa relations have hecoms satablighed
in the course of man’s creative activity through
history, whieh has been taking plase in an universeo
of phenomene and objects sharacterized by sn extrome
variely of mekXmwxg® ohromatic gradationse.

Thus, the methodclogy behind ths sreation of
a spetial imags of relief derives from: a} %he
application of the prineiples of visual art, and b)
the application of the soncepts of color aciénse,

thav deals with the relations of eolor and its perseptéon,

, 3.__The dlasinctive faatures eof the gpatial

representation ¢ relicf é&n a map.

The specific properties of the map derve %o
determine. the methodology of the spatial representation
of relief.

The mukm major distinetive feature of cartogr&phié
roprogentation 1s that 1% is a two-dimensional
g ot AR, in‘the form of an orthogonal projection,
The line of sight is thus -dirsctsd vertically at‘ '
every point of the image, 1.s., all thg fgatura;
represented on the.map ars viewsd from above .

— I

~
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'On the other hard, in n.pictOPial representationt(;z_
the line of sight is horizontal, and all features

are wlewed from the sids,

At the same time, Siwsdr shapes; outlines,
dimensions, superimposition, as well as the shortening
of distances through perépective and other modifications
following from the laws of linear perspective, are
perceived. On the other hand, objocts observed in

- &n orthogonal projection and, in particular, the
features of relief, lack these charaoteriatics,‘and
foreshortening as , result of‘perspective does not

occur,

1

Therefore, linear perspective, BR XKy kimy

such as serves to convey spatial relationships between
objects viewed from the slde, 13 not applicable to
the representation of relief on a surface,

In addition to linear perspective, aerial perspective
is also involved in conveylng the effect of distance
bothaéggga horizontal and2i8B&, vertical line of
sight, The principles of aeria] perapective find
their apclication both in the momochrome and in the
polychrome phstie representation of relier,

In selecting a scale of colofa; 1t must be taken
into accoﬁnt that ceftaiﬁ colors serve to repreéent
other features (for example, bodies of water are colored
light blue and blue), To maintain the distinstion
between various~§2§§£é§i represented on the map, 14

iz advisable to avolg auch colors. in representing relier,

— g~
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Aérial perspective is discussed at greater length in

Chapter III,

Is ooloration applied to rellef in sccordance
with what we might ses in a particular terrain viewing
it from above? Anyone who has observed rellef from
above (for example, from & plane), is aware of the
fact that, in most cases, the landseape below is
rather monotonoﬁa in solor, consisting mainly of
of greyish, grey-green and brown shades which would
hardly be very empressive if incorporated in a
representation. However, it is possible to observe
in nsture a sonsiderable number of coler varfiations
depending on the terrain, the time of year, the day,
and 1ight conditions. These eolors, occuring in the
real env}ronment and dwelling in our memories aa
(LwtknkﬁkchQ\ e oolor masses, make 1t possible to -
convey on a map, through color combinations, features
of relief that have a zmxkyxktx live, realistic and
visually-effeative qualltby.

It should be noted that, among the solid forms
of relief, certain shapes are absent, such as
spherical ones or farmmx those following inverted
geometric bodies (sush as the invertsd cone, the
inverted pyramid, and so forth), Fke f¥atures of
relief dealt with are wider at the bottom than at
the top, This limited range of forms, as compared
with that which is famlliar to us from dally experience,

affes the methodology of their representation, in

— /0 -
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particular the use of the cast shadow, reflected light,
and so forth.

Most maps, unl.ke othef types of representations,
are combinations of linear and tonai elements. Among
linear elements, we may mention the representations of
streams, roads, population centers, etc., as well
as mich of the lettering that occurs on a map. Among
tonal elements, we find the representation of the
spatial features of relief, and background coloring.

All elements, linear as well as tonal, must be
sufficiently readable. The coordination of all the
elements of a map with a view toward preserving their
readability is one of the more important concerns of
cartography, and must be taken into account in attempting
to create a spatial representation of relief.

One of the most important features of cartographic
representation, as opposed to pictorial endeavor, is
the need to localize accurately all the elements on a
map. An artist deciding upon the composition of a
painting, may vary repeatedly the distribution of the
figures and objects he is conveying, to achieve the
expressgive portrayal of his main themes and to emphasize‘
the basic concept he is putting across.

The objects and phenomena conveyed on a map
are placed in accordance with their position ofl the

terrain. Their re-location to achieve a more expressive

-//-
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effect cannot take place, since the mas would then:
fail to convey their true relationships., In this
connection, the contrasting of high reature; of
relief of slight Eya&@nT ariong low featureg of
.considerable 5<ad¥enf' presents gertain difficulties,

We have outlined the main distinctive featurss
of a map that affect the methodology of the representation
of relief, The manner in which these features mmm
and othors are dealt with will be EXminndx eXamined

subsequently,

éL“ lie The spatial repressntation of rellef aa

8 oreative process,

The products of representational art, in particular
those of painting, are easy to grasp and to comprehend,
and allar an easy appreciation of the phenomena
conveyed only wnen they truthfully, expreasively, and
visually reflect reality in artistic form,

These conditions apply fully to the spatial
representation of relief, The accurate conveyance
of kighkxmm relations between light and y of
natural coloring, and the use of aerial perspective
x¥Xx make 1 possiblo ﬁo upeEEmmE deplet relief
descriptively and artistionllﬁ, and allow the reader
of the map to discern tho features of rellef with
ease, acouracy, and rapidity,

But ﬁo master the represmntation of relief

18 not merely %o control the techniques of chiarosourc

.

‘ : 5-2
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and & particular color s&ﬂale, and then to apply

these in accordance with }¥p properties ascribed
to them in uncritical fashion,

The spatial representatién of relief through -
shading 18 a creative processy which requires a
knowledge of the properties and relations inherent
in a representation, and a c¢onseious and critical
use of this knowledge.

The representation, as it is ocreated, muat
be constantly evaluated visually and controlled by
the draftsmen from a perceptual point of view. The
draftaman must oconstantly ask himself whether he
hag found and conveyed in his representation that
which 13 salient or typical in each form er combinaticn
of forms,

Through this contrel and evaluation, the
draftsman continues to perfeet hia representation
a3 he gradually approasches the ocompletion of his task,
In the course of this process, it is important to
preserve all the time a fesling for the whole and
for the relationship of parts within thse raprasentatieﬁ.

Yot, the ability to sontrol visually and to
evaluate the iﬁage oreated dmmxxank is not achieved
without effort. It is the result of asyatematis end
sontlinuous training, of accumulated experisnce .in thas
representation of mass and spase. Anyone working in

this field must ocarry on continupus and systematie

- /Z-
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observations of solld objects around him, sketching.
them and uaking use of the techniques of chiaroscuro
and color combination.

Drawing from nature, from memory and from
imagination and the exploration of varying color
compositions are indispensable exercises to acheive
control of the spatial representation of relief.

In this connection, it is Iimperative to investigate

the effects of specific techniques on the representation
of relief, and how they contribute to it when

gy their use is’intensified or exaggerated. The
exapgErxker purposeful exaggeration of certailn
technigques may, on occasion, have a beneficial

effect, a circumstance whiech must be allowed for.
Conversely, certain knxknqﬁu techniques that are
effective in drawing solid objects from nature, may

have adverse effects in the representation of relief,

The creative approach 1s not manifested merely
in the création of an original draft or the preparation
of a sample. One of the Jmportant stages in the process
is the reproduction of the created image by means
of color printing. Color orinting requires‘the visual
analysis of a polychrome image into its component
colors, into the corresponding printing inkﬁ,‘and
the determination of the number and nature of the
needed mﬁ‘.&

Visual color analysisx requires, apart from-

technical experience In polygraphy, a profound

14y -
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knowledge of the properties and rélationships of
colors, as well as practical experiencé i; color
work.

The spat%al representation of relief is a
phase of cartography that requires, above all,
the use of methods pertaining to the visual arts,
as well as a knowledge of color. It requires a
creative approach throughout all the stages of
the‘process.

Chapter 1
TECHNIQUES FOR THE REPRESENTATION OF RELIEF THROUGH SHADOWS

5. The relation of techniques for representing relief to

the technology of map printing.

By comparing the chiaroscuro representation of relief
on maps published in different reriods, it is possible to
note that the nature and quality of representation have
varied, sometimes considerably, from stage to stage in
the development of cartography.

In addition to the requirements set for the
image, and the content which the latter was given, the
techniques available for production and printing have
influenced these changes. Techniques of’ representation
and techniques of p;inting are closely connected.

Each of the existing printing techniques requires the
creation of a draft by hand, to be, used as an or&ginal
or as an originél printing frame.

The basic procedures that have been used in printing

/5 -
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maps over the last two centuries are engraving,
lithography, and photo-mechanical processes.
These procedures may be used separately or in
combination. The technical requirements of
each are served by the following means on the
hand-drafted original: ﬁatching, shading, and
tinting.

Originals executed by means of hatching,

shading or tinting, will differ in visual efrfect.

The first will consist of a variety of linear patterne.
The second will be formed of dots of unequal size,
resulting from the rough texture of the backgr&uﬁd

to which the shading is imparted. The third will

be perceived as e continuous pattern of half tones.
However, a three-dimensional quality may be achieved,

to an equal degree, by all three means, other things

being equal.

Three-dimensional quality depends not on the
drafting technique used, but on the correct usage of
the principles of chiaroscuro for given lighting of the
relief. To ~c_o:t‘rectly use the principles of chiaroscuro,

whatever the technique of representation, experience

and skill is required of"the artist, who must kiow
t
" the lavs governing the distribution of light and shadow.

Any original, drafted by mesns of one of the technical
procednres. enumerated above, is intended for reproduction in

print. Any one of the printing techaiques employed

must reproduce ccmpletely, \}ithcut loss or distortion

-] 6 -
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the image of the ériginal, Twwwmarmgxihw The quality
of the image on ts@ printed maps thus dopenda uaot

only on the exaoution of the original, hut algo on
how it is reproduced.in print, The technology of
each printing procedure, as well ag éh@ experience
and skill of tne printer, will be reflested in %hs
Lhmiabhwdx result,

In discussing the relation of drafting techniques

to printing techniques, mention should be made of

those means of representing relief that ars used in
manuscript maps, e;ecuted in a single or a limited
number of copileas.
rendsr

The techniques of Examuiity remdi+idon.of relief
on maps whioch are not limited by the technology of
printing allow gmmmimw a broader exerciss of oreative
ab1lity. For this reason, manual drafting techniquea
for ihaxexdmzin rendering rellef deserve ocongidexrahle

attention.

6, Banual drafting cf plastie reprosentations of relisg,

A manual draft may be executed in ink, wster colors,
01 paints or other types of paints used in pagtraiﬁure
or other kinds of painting, ‘

'Dependlng on the use for whish the map is designed,
the manual drafting of relief may be executed Jointly
with all other features that conatitute the sontent of
the mep, or only with cert&in on¢s, Such, for example,

is the combination of relisf snd drainage,

~/ 7=
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As an example of hend drafted plastic reopresentatlion

of relief, we may cilte the "Atlas of the Oappaligns of

Russian ¥rocps in Switzerland under the Gomerel Gommand

- - of Generallssimo fizh Suvorev Rymmikskiy, Prince of
Italy ... in the year 3% 1799".

- Aerial perspective is used in the representation

( of relief on the mgps in this atlas. Thus, pronminent

mountain chains and peaks avre rendered im light and

warm colors: yellow and mwmmgs orange hues, emphasized

by mesans of contrasting light end dark shadl.ig. In

T

afeas of lesser elevation, the coloras tend to be

'“: oolder;ﬁggg are overlain with & bluish £1lm of mist .
and shadows are washed out, .suggesting space and dlstance,
so easential in rendering mountainous rellefl. Areas
of snow and glaclers are alac rendered in ligh% end
dark in pale blue, The solor schsme employed conslists
of tones ocouring in naturs.

The mastery avparent in the execution of all featires
in these maps is justification enough %o consider this
atlas as one of the outstanding creations of Rusasilan
cartography.

s Many modern hand-drafted maps making use of colex:
and chiaroscuro in the rendition of relief are teotimony
to conasiderable sklll on the part of the draitsmen,
who show themselves capable of conveying. the content
of thelr maps iﬁ a visually effective, easily @nderstandable
and artistic form. | )

- I% is characteristic of such maps that the means

—~/ 2~
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used in their execution are inspired by reality
in their use of light and shadow, eerial perspective,
color relations, etc.
All these maps are, for the mest part, single
~ copdes. Yet this does not detract from their value.
On the contrary, they are significant in providing
samples for attempls at reproduction in print and incen@ives
to the development of technologies suited to coavey in
print the artistic rendition of their contents.

{. The use of hachure in the plastic‘representation

of relief.

Hachure was used in rendering relief distribution
as early as the XVIIth century. Hachures oriented
parallel to slopes were, fPor the most part, equally
thin throughout their length, and failed to convpy
other characteristics of relief. Yet, the appreciation
of gradients on maps used 1a military operations wes
necessary in planning various types of troop movements .

In the ¥VIIIth century, the representation of
reld¢ef changes, and obeys the principle "the steeper
the slope, the darker the hatching”. Representatioﬁal
techniques on hand-@raftgd ﬁaps vary. Sometimes, they
invélve hachuring executed with a brush and india ink
diluted with water. At cther timeé, they include tigting,
with gradual variations of shading, or hatching execubed
with a pen. ‘

At that time, no means existed for the reproduction

in print of graduel transitions in shading. Asf s result,

-1 9-
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printed maps made ®xtengive use of hachuring reproduced

by means of ngraving mat
In the representution of relief through hachuring,
a central role is played By the relation of 1light
and dark and black and white, echeived by varying
the thiskness of the hatohed lines, the width between
hachures, and the density of the hachures.
¥ar Inoroased density or thiskness of hachure
served to convey shadows of varying intenslsy, sorresponding
to varylng slope gradionts. The stesper thg grdds,
the more hashures occured in a apecific area, or the
greater the thiskness of the ﬁnchures used, All hschures
wore oriented longitudinally in relation to the slope.
Tllustrations of hachuring technique are to be
found in the scales, devised toward the end of the XVIIIth
and the beginning of the XIXth centuries for use in
rendering relief,
Note should bs made of the kemscuxxmxim Lehmenn
seale, deviped toward the end of the XVIIIth century
for representing the relief of ermany on nilisary
topographic maps. The representation of relief in
accordance with this scale, requiring an accurate
measurement of the numbe? mt and thickness of hachures
" to be found in - ASTpe R , Wea a very
complex m; process, particularly im for pencil work
‘in the fleld or on & prel;minary draft. The scale
was sultable mainly for the representation of the

relief of southern Ugrmany.

~20 -
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In the beginning of the XIXth centuryxz in Ruseisa,
shmxscelos were devised by Professor Boltov of the
f; ) ~ Military Academy and the Section of Military Topography
" ) of the General Staff, These scalep =fmzm woere geared
to the lowland relief of Russia, The prineiple on-which.
i_f i . these soales were based involved a determimationm of
the dlstence betweem the axes of hachures and dld not
require a particular spacing of hachures within ea
. ' interval of specific size, It was considerably simplew
than that use&in the Lehmann scale., Ono of the ma jor
aoplxinxwhial works executed by means of the scale
employed by the Section of Military Tooegraphy of the
General 8taff was the three-verst map of European
Russia, whose publication began in 1845 (Fig. 1).
Hachuring was'EZ;zggggE;niy o repreaengjrellex
o on the principls $the steeper the slops, the derker
’ the hatching" in accordance with definlte hachure
scales, A number of maps show relief by means of
, ) hachures conveying shadows derived from lighting
) ralief from the side, Among the larger and mors
important projects exscuted in this masner, we may
mention the topographic map of Switzerland (1836~1865)

on & aéals of 11 100,000 (by Dufour):

#  Mopographische karte der Schweiz, G.H. Dufour
1: 100 000, 1865,

ghr§ .
The renddé%®n of relief on this map has a three-

- 24-
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dimensional quality,

In-the reprsentation of relief by hachuring
it i3 possible to have the hachures not only follow
the orientation of gxxdtaniax slopes; but also eross
one another in a vartkety of directions. Hachuring
may be entirely random, or may oonsist of hachures
oriented in a definite manner. An example of the ‘
latter procedure may be seen In Schinert's scals,
devised toward the beg;nning of the XIXth century
to represent relief in accordance with the principle
"the steeper the slope, the darker ths hatohing"
and judged by his éontemporariea to be more manageable
than Lehxmann's sealesHt,
## Schinert!s scale is described in the book " Concerning
the @eneral 8$ituation and, in Particular, the Drawing
of Mountains Following Mathematical Principlea” by
Major T., St. Petersburg, 1811.

The extensive use of hachure in cartography wasg
greatly encouraged by the development of engraving
which, to the end of the XVIIIth century, remaiped

the only technique for the reproduction of illustrationsiat,

#et Information on the technology of(engraving metal
may be sought in "The technology of map publication"
Wy V.V. Pus'kov, Moscow, Goslitizdat, 19K0. Various

-2 2 -
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types of engraving are described in "Outlinesz of the
bistory and technology of engraving®, publighed by
the State Museum of Repregentational Arts Imeni 4.3,

Pushkin, Moscow, 1941.

For cartography, engraving was a high-grade,
offective mmEmx teéhnique of rendering.relief through
hachure in print, Engraving sllowed the wholgeale
reproduction, without digtortion, of all msxiisiésorinimrrs:
%% varieties of vipe relief representation through
hachure, making use of differiné principles and of
hachures of varying length and width, including esxtremely
thin ones.

As a technlque for the publiscation of maps,
engraving continued in use successfully in tge XIX%h
century, when other forms of printed illustration
already made use of o&her means of reproduction, such
as lithography.

Shoxtapkntpmxs? Hachure remained the primeipal
technlque used in topographie maps throughout the
XIXth century. Even relatifely late, toward the end
of the XIXth and in the beginning of the XXth centurfes,
when engraving had been replaséd by other mears of
map reproduction (lithography, and then photo-mechanical
techniques), hachure ;onfinued in use as a means Rmw
of representing relief on various maps,

This peéeriod is notewoerthy for the use of color

printing in cartography, whish found &pplicatioens in

.,..‘23.*
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the ran&g;é%n of relisf. For example, 1% 1o p@gmﬁhle
to £ind sshool meps in whish relief isa reprorented
through.%gpsomotric soloration in sombimatbiem with
heeburing and side lighting. lachures wers nsvally
renderad in browa.

Haghure reéuires qonsiderable skill, A&t the
some time, i% kmim is time-consuming and, for this
reagon, expensive, which 1a one of its maim disg&vantages.

' In addition to kxwimgEx being highly reprosentational

and allowing the use of 'a variety of prinseiples,
hashuring alse has @ number of %technical advantages,

Hachuring allowss

a) the uso of a varfiety of printing %echniquest
ongraving, likhography, photo-mechanisal tecimiques,
and combinations thersof;

b) the use of any c;lor ts ropresent rolies, for

contragt with other featurss on the map;

¢) the rendzgzén in pring of the original drawing

sompletely, without losags o distortion.

Considdring that kashure does nes require elaborate
phatography through a 3«:{"@3 , 4% may gquite justifiably
be mmped in conveying relief throe~dimsnsionally on

nodern maps,

8, The spatial representeticm of rellef by shading,

A teshnique widely used in arp is that of
shiargscure drawing executed in pencil or charccal
on & textured paper. If zXmmmk magnifisd, the ehlarosscuro

4in sush a drawing appears & an assemblege of separate

mgé;._
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elements, in the form of irregular spotc ¢f varyiag

slze and outlins, situated on the protrusioms of the.
paper and resulting frem pencil strokes., ®aen pProssurs
is applisd, the spots become lergo, and the shzdow
appears dark, %hen pressure is lifted; the spo%ag
fminish, and the shadow becomes lightsw, If preszure

is gradually v=z¢2d on the peacil, the shadinmg will

grads from dszk to light, This procadérs may he

used in msAderiugzsiizfr the three-dimensional renditi n
of relisf, It is called shading,

An appropriate te;hnology 13 required %o rsproducs
shading in print, Engraving, whish ean convey & linearp
design, cenngt convey & shaded repreasnta%tion in priat,
The technicue that allows the reprodustion of sheéing
is lithography, i.,e. printing from = lishegraphiz
slab¥,

* P.I, Suvoroy. The ar: of lithogrephy. Moscow, 1652,

An originzl sheded’ representation, exsesuted on =
iithographic Rlab, serves as & printing frams. 2
ellow¥ the representation of relief tozough shzdiag,

‘the gvona is first given 4 rough, grziny tzxiurs by
&%
j@é. A stons itrssted in thiz manrmer io give. 1t

-l
»
& granular surface is called im?u*é9ﬁﬂﬂ“?> .« The
N s G,
izegs is exscuted on the.*ewwnvw@g?stpns 97 meanz of

a zpecizl iithogrephic peneil. Sksding may be sxzecuzsd

matsrials than stone, such 23 ‘spscizl roughened

“Zj"..
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paper (autographic paper) or on @”#“éﬂwﬁ*ﬁiaﬂ,
, :

alumimmn, ets., which then serve as priating frames,

Shading is a very valuable technique for ariistis
half-tone drafting, Ample evidemce for this is o
be found in many exsmples of autolithograply, one
of %the %ypes of lithography applled in the mass
reproduction of illuatrations exsouted by outstanding
artistsa.

Ag:lxamplej of the use ¢ shading on maps we
may adduce the map of the £mm border ared of the
Asien part of the USSR on a ascale of L0 versts to
the ineh, Relisf in this map is rendered urder
combined lighting: slde lighting for shaded slopes
end top lighting for lighted slopes. To contraat
the two slopes, mountain chains are represented as
white lines. This combination of lightings is not
entirely satisfactory, sinece it tends to decrease -
the spatial effect of the representation and te
convey inadequately the nature of the relief,

. Relief is conveyed in a more expressive manner
through shading on & map of Bulgarie publishsed in

1950 (Fig. 2). Themmpz reprsesentation of *km.

relief 1s rofidered with a consistent ume of side

1ighting#

# Bulgarian People's Republis, scale 11 ,0o,000,
Sofis, Institute of Geography, 1950.

-24-
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Shading msy convey relief through the wse of
& number of principles: vertical lighting, side
lighting, etc.‘

Lithography, invented in the end of the XVIIIth
century, soon becamef%gﬁiglished as one of the more
lmportant techniques for printing illustrations,
allowing, as 1t did, te reproduse half-tones cheaper,
faster, and on a more extensive seale than ongrafing.‘
Under conditions of private enterprise in 4y
industry, these advantages were deoisive in detsrmining
the choice of technologies in printing.

Meanwhile, the acceptance of shading s&s a meens
for representing relief in cartography #mak took place
slowly and in the faoo’or numeroug obstacles., One
of the maln reasons for this was the nesessity o
nEdt fyxenix gmnxzxtx modify and adapt ths process
of map printiég:to mak;Juaeaof 1%,

In the XIX%h centué;ﬁfévery sheet of a map
printed by means of engrawing, was put out in a
single color, i.e. by using one printing die, wh%gh
2lso reproduced the hashured representation of relief.

The use of shading required an increase in thoﬂ
number of colors nged, the preﬁaration 6r & speclal
die on & fﬁﬁ””zx@V&atone, the use of multiple printing

'(shading by means of a stons, and othermismx téaturea
by means of engraving}, or a’congéra;on from the
preparation of engraved metal fram§a to the preparation

of stone dies, All thege innovations were resisted

_17_ _
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by an industry well adjusted to metel engraving,
211 the more since ea‘rly lithographs were ndt
of sufficiently high quality.

The need for a cheaper printing process be increase
profits was not .felt assstrongly in ur*-bog?aphy as it
was in the book and print industries, since maps
were sold in relatively small quanitities. Most of
map production in the IIXthe century was aimed at
satisfying the needs of the military.

One of the main reasons for the slowness with which
ch:Lding as s technique penetrated into carbography was the
distinctive quality of the shaded drawing and the way in
which it differed from hachured representation. The
basic element of a hachured representation is a sharply
drawn line of definite length and heaviness, On the
other hand, a shaded representation includes no elezents
of established dimensions, and is perceived only as a wholo,
as a drawing with light and shadow, and not as a combination
of representational elements.

In the beginning of the XIXthe century, when the
hachured representation of relief had become firmly
established and conformed to standards set for it, which
inv‘ol;red the characteristics of individual hachures, it
was only natural that the same standards -were applied ‘o
Aahac:ied rcpre.sentnt;ion. Shading could not come up ‘to these

standards,. and‘this prevented its use in map drafting.

-28-
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The earliest attempts to use shading on a stons
. in the half-tone rendgzzth of relief date back“to'
1816% Nevertheless, the technique of hachuring

#* In a lotter dated 7/2/1816, quartermaster Col.
Diest, stationed in Berlin, requested permission to
gcquire a pxikmikwyg press for typographic printing
(stein - drHiek), indicating that this method would

be worth using te represent relief on topographiec maps.
 Enclosed with the letter is a mmall dest print,

showing a ¢luster of relief features snd a landscape
with shading. The reply he received advised him of
the mnzimmspmauxwfxkm fact that this acquisition

was unnecessary, sinee lithographis equipment hsd
alreedy been purchaged and shipped out of Munich.

This equipment was used both for prikting illustrations
and in reproducing maps and plans at the Military
Topographic Office. (Quoted from an MSR M8 by K.A.
Borodina, "Toward a history of lithography in Russia®,
1950).

& -

ocntinued in use for a long time as a means 2m of
rendering relief, to the end of the XIXth century
amd the beginning of the XXth, '

It kexasxuxzaryxix should be.notod that shading
requires considerable skill, and is a highly expre;sive

technique, The drawing, as exeeuted on a stone or

-2
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on autographic paper, is falthfully reproduced im
print by relatively simple teehnologloal means,
Sheding allowa for variations In teohnology,
and Xmx may perfme»ly well be used in modern mapa,
partioularly wall maps,; for the plastie represenbation
of reliaf, The growing use of transparent matorials .
in map making, sush aa vyniprose, opena posnibilities
for the eéxecution of half- tonas on $ﬁ4vmw$g§iprose
and %k the direet mmuyimg duplisation of the 1mngo

on & nrinting die without the interventlon of photography.

@  The representation of relief through tintlbg,

The XXth century 1s fBotable for the development
of photograpby xE fmx for reproduction. Phkotography
is widely used in the printing of 1llustratiens.

The ovublication of maps is alse largely converted to
photo-mechanical processes.

The teshnology of the photo-mechaniecal procezaes
i3 usod in printing a half-tone image 1a quite varied,
The most widesprsad photo-mechanical technique for
the reproduction of & sp&tial repgpsentation of relief
requires the execution of reliéf uggz blask india ink
‘or water o’olors on white paper. The repmaentation
Qonsists of continuously graded half-tones varying
in range from black to white, Sniuxiypuxs® The
technique used to croato an original of this Kind in
cgllod tinting, and the printed reﬁreaentation resulting

on maps is also called tinted,

-3 -
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The tinting in of relief wés used as carly as
the XVIIIth and XIXth centuries f hand-drafted maps,
but became current only in the XXth century, bsing
apvlied on a varflety of mwmwy educational , topographic, and
recerence amg maps, as well as in specidiized maps

ecigned for various purioses.

Tinting has a number of advantages over hacuring
and sanading, 1In tinting in reliefl, the simplest
tectnique and materials mav be used: india ink or
“Lter cvlors, and a brush,

The vrocsss of tinting requires much lessg time,
tarticularly copared to hachuring., 7he visual anpreclation
of an iusage executed through tinting is much more direct
than that of g hachured or shaded representation, gsince
tinting allows a continuous gradation of half-tones
in the original, anproxi.naténg the true distribution
of light end dark = on golid objects.

However, tinting, and particularly its I'eoroduction
ia orint, otrers certain drawbacka,

The technology involved in tne orinting of tinteqd
representations differs from that in reproducing hachured
or shaded ilwares, The n.chured or shaded original 1g
executed directly on toie printing die, while in
the reproduction of g tinted rewfesentation, an
intermeaiary staie intervencs bathen the cxecution
or the original and lts Pegroduction. It is tue
photogravhic stage.’

-7/ -
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In earlier processes, the original, executed
HIxpxEXy on t:.e printing die, was then printed
cirectly on paper., The direct contact between the
org inal and printed images was conducive to the
complete rend§$zéh of the original in print, This
may-be iilusirated by means of numeréus examples of
maps, nrinted directly from engraving and lithographic
frames, wnlch reproduced t e original, EBven the
conversion from orizinal to muchine-made dies hardly
disvorted tne original image,

As a result of the introduction of an intervening
process, that of photbgranhy, tne image loses some °
of its cravacteristics., An original may be of high
grade, yet it: reproduction may incurx consideraole
distortion and be of low qualilty,

The ma'n cause of distortion is the use of a

IS

"¢ % In the ohovograpnic process., In photographing
#  The '-j(ﬂH'\_@ is a gix grid of dark lines on glass
or some other transparent medium, usually oriented alonys
two pe -pendicular axes, A ?\irtj is used in the
canera for photographing half-tone originals to break
down a continuous half tone into individual points on
the negativs. - |

The dmrk elements of the grid fell to transmit
light reys reflected'by the image, causing the occurence
on tne reproduced image of minute grains, both in

1ts lightest and darkest areas (dark and 1ight grains,

- 32 -
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rcapectively).

" Pochitiques ol reproductbion and the use of tie
in revroducing cartographic helf-tone originals aré
described in.V.V. pustrov's "The technolggy of map

puplication", Moscow, 1940.

the rcale of half-tones nredent in the sy iginal
crroudEn a ':‘”3 ,tgescale,which cofitains gradations
fro. w:ite t~ black, is either a.oreviated to a scale
raaging: from uvark grey to liht amrey, or is modified
in Exaxpsixkkan 1ts tonal relatvionships. The asbreviati n
aai .~dificatisn of the séanle of nalf-tones moalfled and
¢istorts the three-dimensiongl vuality [ the mage.

ditn ro.ard to the qua.ity of t-e original, it
ig imortant to note that tne g%i%crequirementx for
tne image, that of conveying tne three-~dimensional quality
ol reliel features, is not always considered to be
¢ . uitimate one. in a number oL Ca803, this requirenent
is superseded by others, equally important, that can
be savisfied, however, only if the basic require.ent
1s fulfiiled. Tnus, for example, the need is sometimes
felt to convey only ma jor .orographic gradients, or the
gquraphic‘nature of tne features denicted, or else
o exaggerate lirht ana aark contrasts on the original

to ensure a gatisfactory reproduction, and so lorth.-

, All these red ire 1ents nave meanining only it

tne three-dimensional erfect of the representation is
preserved. If, in attempting to convey only wma jor

orogsacnlc gradients or to reinfornze the conzrast of

- 33~
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light and dark, the itmx three-dimensi:nal quality of
the imape ié los%h, and the result is a pattern of
b.ots and siudges rat:er tian a nlassic image of

re ief, these requireiments lose their mcaning,

since they refer to features of rolief whose representation

" will be abaent,

vately, the g.ality of rcvroductinns of tinted
reliel on maps hasg iwm-roved consid-rably. Wwhile in
th  recent past, maps were rezxleased whose tinting
was of poor aqualtty, ..aps published in recent years
§2§§§§ more satisfactorily the tnree-dinensional qua:ity
of reiief. e :ay cite as an example the scho 1
map® "The Pamirs and t:e Tien Shan', on a scale of
1: 1,500,000, put out by the Main Orfice of Geombaphic
Maps of the Council of Ministers of the USSR in 1952,
The usz of »rly one color in representing relief
on mouern maps imxmx constitutes a conslderable drawback.
To ontain a high-grade representation, which will be
readable to the same de -ree as other features on the
map, it is imserative to use varying color combinations.
Yet, tinting 1s ge erally rendered in one color only
on rmoaern muns, Sonetimes, maps are nrinted in two
coiors, but, b; and larpge, the colors are too closge
to each other. Generally, they serve only to reinforce
Sy ack+)
the coqtrast of ight ana dark, mEin darkening the
repregentation of relief and reductﬁg tnereby the
reauanility of other features of the map amaiﬁst the
three-dimensional baciground. ‘The use of such colors

-—h‘u%’

does not serve to broaden the col.r scale of the map,
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Cartographic reproduction requires high-grade
color originals, guscentible of being used as models
for multi-color printing. .Such originals are relatively
rare. Thelr absence 1s impeding the use and development
of 3-color, h—color, and polychrome printing in carto-
graphy, wnich allow the printing of high-grade mmkisf

representations of rellef.
Chapter II
FUNDAMENTALS OF THE RENDERING OF RELIEF BY MEANS OF SHADOVS

10. The rules of chiaroscuro.

An oxamination of several chlaroscuro representations
of the same orographle unit, execubted by different artists
under siriilar conditions, will reveal a number of
pia:dt.8
diflerences between these representations. Some of
these differenc=s WY be trivial, and the features of
relief wlill appeer similar despite tnem. Others will
reflect aiffering interrretations of the nature and
features of the relief. Others still will result from
insufficient knowledge of the rules of light and shade

disgtribution.

To convey in a reliable manner -the relief of an

_grea on a ap under EEEX given conditi&ns of lighting,
1t is necessary to study the rules of chiaroscuro and
‘their application to the features deplcted end the
conditions of lighting.

The task of the cniaroscuro artist consists in

-~ J5-
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conceiving and rendering the distribution of litht
and shade on vari‘ous features of relief for varying
conzitions of lightiny, on the basis of a study of
chiaroscurc and practical experience., In executing a
represantatign, he must delect amoné‘ several possible
alternatives the one that will best meet the standards
reguired and will ne most conducive to conveying the
three-dimensicnal quality and the features of the rdlief,
In tris process, a central rlace is occupied by the problem
of how tne user of the map will asppreciate a particular mode
oI: representation. The mekin; of allowances for perceptual
mechanisms is one o? the important compronents of the creative
process in executing a plastic representation,

wiven artists with an adequate amount of training, experience,
and snderstanding of the rules of chiaroscuro, representations
of the same terrain produced independently will differ
inconsequentiall> :'rom one another. Afferences will consist
larsely of varying degrees of generalization, and of differing
renditions of certain :etails,

11, Tvpe of lighting and its effect on light and shade.

vune of the principal factors joverning the
distribution of 1ight and shade on objects is lirhtim .
The type of lighting may be varied by meanms of the ‘
medium trhrough which 1';he light beam is projected.
On\ clear cloudless days, the light that reaches us

from sun illuminates objects around .s with a bright

56
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light., Such lipght is called direct light, Sometlmes,

the sun is veiled by thin, white clouds. The intensity

of the light at such times is considerable, but ths
clouds diffuse the rays of the sun, and we recoive
no direct Light., Svch light 1s called scattered.

Tn executing & chxiEx chiaroscuro image, it is
necesséry to xxmarky represent clearly the varigtions
of light anc snadow distribution caused by direct and
scattered light. The type of 1ighting used ixx devends
groatly on the type of elief represented, and on the
iitfferences in elevation present in it, For example, %o
c-nvey sharp, high~altitude forms, sceuring in pmx areas
of high elevation, direct lighting is preferable, since
it provides contrasting, sharply delineated shadows.
In representing gently sloping, rounded features of
soft outline, occuring .aainly in areas of low elevation,
scattered light is more suitable, inasmuch as 1%
results in dirfuse shadows of Indefinite outline. Areas
of low elevation are the farthest removed from the eye
of tne nyvotnetical obse:ver, who ig viewing the re.ie?l
from above. At the same time, the thickness of tne alir
layer between areas of low elevation and the eye of
the observer is cond.clve to & greater diffuslon of
light ref;ecned from these areas, and to the pepcevtlon
of soft boundaries between light and shade.

When they hit the scrface of an objcct, light
beams are reflected. In physics, two types of light
reflectlon are d;stinguished: mirrbr reflectlion and

ai¢fused (scattered) reflection.

~37-
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In mirror re:lecti-n, the incident beem and tho
- reilecied bheam are in tie sane nlane, and form equal
encles to a perpendicular to the refleciing rurface
at the wvoint of incidence of the baom. Uirror
teflection ozcw's on smnoth vo:ished surfaces of
varylnge coapesitvion, e.p. water, ﬁlass,'etc.

An ideally mat surface rroviaing a scattered
reficetion Qirfuses incivent lipght emg equally .in all
directions, However, the reflective prongerﬁies of
mat surfaces in precticd only awproxinate this idsal
patltern of dl 'fused reflection. #hile reflectinge
Liget in é-i directioha, they nevertheless reflect
vigat more intensely in a direction corresp - nding; to
thet taken in wirror reflection. Such is the nehavior
of rrpswm, -~orcelain, frosted glass, textur d paper,

A.id 37 On.

Both types »f reflection occur on objects surrcunding
us, t e predominant type being a combination of ailrror
anc ciffused .eflection. Most varieties of paper,
textiles, rcc.us and minerals provide mixed miirror and
scattered reflection.

Reflected light is less intense than Inciuent light,
Hiwever, in Lighting objects, it X=mx behaves as a factor
affectiﬁg th2 distribution of-light and shade. Scattered
reilccted light results in soft, indefinite snadow
outtilnes, einilar to t:isse ercated by sca-éeeed incident
;ight.' Mirror;reflncted light, like uirect 1fth,'
causes contrasting, sharvly .c-inecated snadows,

-3p-
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A ra; o li;ht falline on the s.rface oi' ar ubject
incurs multiple re.flection', and this affects the cegree
to which objects are lighted, and causes

) vari'ations in the nature, outlines and jntensity of
light and shadow on varuous objects.

The visikility of objects distent from the observer
differs from that of objects that are closer. Outlines,
coloration, light and shadow are perceived differently for
distant objects than f.or close ones.

The cause of these variations is the atmospheric
larer intervening between the observer and the object,
and which, from the optical point of view, exhibits
the properties of a translucert mediium. A light beam
traveling through the atmosphere is absorbed and diffused
by atmaspheric particles. Absorption decreases the
intensity of the light beam, while diffusion changes its
direction, causing it to scatter away from the inter-
cepting particle in gll directions, including that of
the eye of the observer. In addition, diffusion affects
the spectrum of the beam, thereby modifying the coloration
of the objects lighted.

When a layer of air is irradiated by scattered

light, an atmospheric glow or haze ie created: Haze

is bright and is always visible as a background for
distant, darker objects.
The brightness of haze increases as a factor of

a) the thickness of the air layer, and b) the degree

~39-
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of illumination of the alr layer &P deylight.

When viewing distant objects, the brightness of
tne haze is comvounded to that of the object, i.e.
both these brightnessed are merged optically.

Atmospheric haze affects the apparent brightness
of a dlistant objiecct in two ways: a) it decreasas the
brigntness of the object as & result of the absorption
ahd dirfusion of light; only a fraction of the original
amount »f light travels from the source to thec object
and froa the object to the observer; b} it increases
tne brightness of the object by means of the light
scattered by tne air layer.

Aé a result of this simultaneous decrease and
increase in brightness, kAxXsX@IXZNER the brightness
of ocark and light objects 1s equalized.

In a thick atmospheric layer, the brightness of
haze equals that of a cloudless sky &t the height of
the horizon. Trmxhrighimmuxxsf A1l objects tendx toward
that degree of brightness as they are removed away from
the observer., If the object's own brightness is less
than tnat of the sky at the horizon, the object becomes
brighter as 1t moves away from the eye (for example,
fomazky trees). If the objsctls own brightness is
greater than that of the sky at the horizon, the
object becomes darxer as 1%t moves away (e.g. snow-capped
mountain peaks).

As a result of the scattering by the atmosphere

of light traveling from the object to the observer,

- YO -

Declassified in Part - Sanitized Copy Approved for Release 2013/01/24 : CIA-RDP81-01043R001600120005-2



Declassified in Part - Sanitized Copy Approved for Release 2013/01/24 : CIA-RDP81-01043R001600120005-2

. "“—l"

cbjects lose the sharpness of taeir >utlines, and

the bo nearies between objects and their backgrounds

b come less perceptible.

The effect of atmospheric haze has applications
in the rep.esentation of relief by means of shadows,
witn due account of tne features required of cartographic
representations A

the variation of the scattering propertles of the
atmosphere in horizontally dirfers from that 6f thease
properties verticallye. In a perspective drawing,
at.ospheric haze wil. often obliterate entirely objects
situated in the background at a considerable distance,
andsmryxnakxpaxyket and these may not be visible or
only Taintly dlscernible. In asplcting relief,
atmospheric haze may be used only to a limited desree,
since it must not mrExmmk obstruct a clear view of
relief featurcs at low elevations, .

Both diffus-d and reflected light, always present
in nature, are highly operative in affecting the lighting
and the distribution of lignt and shade Ot uiinting.
fie.e it not for natural atmospheric scattering, ==
tnere would be no half-shadows beiween light and shadow.
All the objocts areund us§ would then re.wind s of
a moonscapé, and wo :1d appear entirely as a ﬁabbern
of or.gatly 1lit and totélly black surfaces. Were 1t

Loant il chene .
not for Mt, we wo 16 not observe such
important components =X of chiaroseuro as reflected

Light and the ceepening of snadows in areas of negative

-t - >
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svace, vhat aila in anvrcelatbing the three-dimanslonal
quality of objects.
For this rerasoen, chiardscuro reprenentation_requires
tlie use of all elements ,i' chiaroscurc: own o adow,
carr shadow, rcflocted~1£:nt, the deepenlignyk of si.adows
in areas of necative 7pace, half-cnadovis, cmooth
.:an:itidns and sharp contra. ts, all of which result
0" the presgence of «irect, sca tered and reflected Lishit,
Al: thes: elements a¢ not incernent but, on
L contrary, crc c.n=e coniected one to the niner,
Thelr main v metion is to convey velief in a tlwee-
dimensgisnal, vinually convincing manner, so that its
srovertics are retained in tne resulting irage,

12,  Owvn sradow.

If we 1ight a sHlid object, we will find that
its .arious surfuaces will receive varying quantities
of limnt: some will receive more, otnere less, others
stili will receive ncne of the light ic~ulns vron the
source,

On a sphere (Firz, 3), the more hrichtly it uminsted
gfuriaces arc those receiving light at a right anpls
or ntarly so. As the angle belween the direction of
lisnt and the surface is decreased, the xx% degree of
i umination of the latter Wlll decrease, wWhen the
lizht merely mrazes the surfuce (or, morc oreclsely,
wh:n\ t foi:ovis a tanﬁent to the sur 'ace), L ,uainasi n
wlil owax. equal zero, As ¢ )uninétion acereuscs,; the

incensity of snadow inc.-eases, varying fvon g mini, um

/;'/Z -
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value at point A to a maximum value at point B,

The line at which light rays emanating from
a4 source touch the surface of a sphere divides it
into two hemispheres: a lighted one, and an unlighted
one. The former is accessible to light rays, the
latter is not, The mmtix entire unlighted hemisphere
is in shadow, The degree of 1.lumination of this
hemisphere should equal zero at all points and, hence,
should be constant throughout. In practice, howeVer;
the degree of illuminstion of various voints differs
48 & result of tne effects of scattered and reflected
light, which mXam always occur in nature.

Rarx
nixaxxalﬁxxmnixinnﬁxxniiﬂxuh;axxx Light i1s distributed
in the same manner over any self-contained solid object.
The line formed by the points at which directed light
rays touch the surface of the object divides the
latter into .o parts: an illuminated part, and a
non-iliuminated part,

That part of the lighted object which recelves no
rays of directed light, or receives them only in
weakened form, is called the shaded area, and the
shade which covers it is termed the objectis own xhxdnx
shadow, .

<051£kspherq§(Fig..h),(own shadow covers the
unlighted hemisphere and that portlon of the lighted
hemigphere that is contigious to the unlightod one

and is nogrly illuminated as a result of the fact

- ;4;13,.
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s :
that light rays are ‘tangential to ihae surfacJ:L&JQRP
‘sphame. Thls portion is in the form of a narrow band,
that constitutes a-transition zone from the lighted
to the unlighted nemtisphere.,

@m Own shadow is a basic element of chiaroscuro,
used in representing relief, It serves to convey the
nature and dimensions of shapes.

Big. 5 provides a diagrammatic i.lustratiag of
the dictribution of own shadow on a crossection of
some simple relief features.

If the depxisbed feature occupies e considerable

rea, it 1s conveyed by means of a long shadowi.

# The length of own shadow 1s measured from the peak

or crest of a feature to its base,

However, varying tae length of the shadow will not, in
itself, E§£§:;2fggree—dimenaional quality, The length
of the shadow is an indication of the dimensions of
the EX feature and 1s a starting point mtkamiwmmx,
maiing it possible to impart varying degrees of nrominence
to an objJect in conjunction with other techniques.
In addition to length, shaéows also vary in their

inténsity. The same shadow may vary in intensity in

" its different parts, Fa example, in a nunber of
situdtions, own snadow is rendered as darker along the
edges than in the niddlé. This is usually done when

the edge of the shadow coincldes with a crest or a peak

- 44-
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that must be depicted as prominent. The use of this

technique and the its visual effect 1s founded on
the phenomenon of luminous (achromatic) boundary
contrust,

Color studies have shown that two colors placed
side by side affect the perception of éach. For
example, a light grey tone next to a draxk dark Brey
one will appear lighter, while a dark grey one next
to a light grey one will be appear darkery than it
actually is. Such an apparent change of coloration
i1s termed lumin:us contrast. Luminous contrast is
most eastly perceived mmmr at dividing lines between
colors (Fig. 6), and for this reason 1s called marginal
or boundary contrast.

The phenomenon of boundary contrast also has the
following property: every boundary -between a dark
and light coior band appears as a protruding ridge.

In Fig. 6, the scale on the right-hand side
consists of five evenly graded steps. Each step appears
lightker near its boundary with a darker tone, and
darser at the boundary with a lighter tone. This
results from the phen menon of luminous boundary
contrast. In addition, the scale as & whdle 1s perceived o

. not as a flat surfacé, but as a ridged surface,
consisting of eminences and concavities, As a result
of achromatic boundary contrast, the coloration of
each stép in the éqale appears unequal, ?arying in

intensity from one ridge to another., This 1s percelved

L5 -

Declassified in Part - Sanitized Copy Approved for Release 2013/01/24 : CIA-RDP81-01043R001600120005-2




eclassified in Part - Sanitized Copy Approved for Release 2013/01/24 : CIA-RDP81-01043R001600120005-2

~L6-

as lignt and shadow. If the apparent unevenness of
sach step in vne scale 1s rolinforced by additional
¢>loration, as was done in the scale on the left in
Fig. 6, the mf£R® ridged effect is further intensified.
The asgociation of luminous contrast and relief

is acqguired from nature. When we observed lighted

forms and s rfaces differing in derree of 11lumination
separated by protruding ridges, we perceive those of
their portions that adjoin these ridges according to
the laws of boundary contrast: the light surface
apoears even lighter, while the wark one seems even
darker. This aysociation of luminous boundary contrast
with the effect of relief finds extensive appiications
in the representation of solid forms through chiaroscuro.
own shadows, bordering sharply on lighted or, more
generally, Lirnter surfaces, avnpear darker along XkmE=:
tneir boundaries than on the remainaer of their surfacee.
The intensification of shadow produces an jmpression

of relief along the boundary whers the shadow 1s
intensified.

If the form is rounded, the edgea of the shadow
apoear indefinite where they pass into illuminated
areas. If the form is defined by sharp, well-defined
edges, as havpens in the case of high m>untain crests,

. the edse of tne shadow 1s abrupt and Imkmxmx intensified
to contrast with iiluminated surfaces.

in a number oi sitmatlons, to convey the nature

of the relief requires tne use of hachured rencering

— g~
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to emphasize cliffs, gullies and other sharply defined’

fcatures, Hachured drawing also accentuates the
impression of relief, since boundary contrasd is
particnlarly operative in it.

The oasic property of own shadow may be formulated
as follows: own shadow accentuates the apparent
projection'of positive forms, on which it occurs;
the dsrker, the more contrasting and the longer own
shadow ia, the greater th~ apparent proJection of
the feature represented.

13, Cast shadow.

Any opaque body that fails to let through rays
of tight casts a shadow in the direction opnosits of
that of the light source. This shadow falls on cther
bodies and surfaces and shields them completely »r
in part. This shadow 1is called cash shadow,

Cast snadow varies in intensity. Firast to be
noted is full shadow, which is the darkest.

In addition to full shadow, there ara?&?éggsg%l
helf-shadov,gkmag Half-shadow results from the fact
tnat trie mizexmfxikm light source is EEEALEER more
than a point source in size.

Ful. shadow serves to delimit the area that
is totally inacéessible to the light reys emanating
from the source. The area of half-shadow 1s inaccessible
only to a portion of the light rays. The closer ths
object to the surrace on waielh the snadow is cast,
the narrower the half-shadow and, conversely, the

sore distant the casb shadow fro.. the object, the

- Y7
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broader the area o6f half-shadow.,

E<amples of this may be found in the shadows
cast on a sunny day by various high objects (houses;,
towers, trees), which differ in length. The lower
parts of the shadovwg near :c,he bases of the objects,
have well-defined outlines and conslst entirely of
full shadow. The upver parta of shadows consist
both of full shadow and of less intense haIf-shadow
(fig. 7)e In connection with this phenomenon, a
cast shadow with blurred edges 1s percelved, in a
representation, as being distant from the feature
causing it, while, conversely, a sharply outlined
carc shadow 1s interpreted as indicating proximity
between the surface on which the shadow falls and
the feature causing the shadow,

Cast shadow may shield illuminated surfaces to
varying degrees, Xkix The degree depends both on
the elevation of the feature casting the shadow and
the elevation of tre feature on which the shadow falls,
As may be seen from Fig. 8, the shadow east from
peak A falls on the iiluminated slope of peak
B, which is higher, and obscures only the lower par?
of this slope, while the peak itself remains illuminated,
At the same tlme, the shadow cast from pesk B covers
xxxkix lower‘peak C, and obseures it entirely. Thus,
the hggher the feature, the more prominent is its
illwninated portion; the lower the feature, the more

it 1s obscured by cast snadows,

~4p-
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This regularity obtaining in nature finds its
application in depicting relief. If the slopes and
summit of a spccific feature of rellef are entirely
covereq by cast shadow, while another feature has only
its lower slopes in the shaddw, the sum:it remaining
11luminated, the second feature will appear as more
prominent than the first. The higher the elevation
reachgd by cast sr.adow, the less prominent will the
6bscured feature appear.

Cast shadow may be used in s representation only
when features exlst that may cause 1% , since, in the
absence of such a feature, the cast shadow will fall
to be realistic and wiil not improve the image.

The outlines of cast shadows are determined by
three faoctors: the direction of light, the shape of
the feature casting the shadow, snd the position of
the surrace on which the cast shadow falls/ The line
along which light rays touech the feature serves to
delineate the outline of the shadow cast into space.
The latter, when projected on a given surface, assumesd
the apparent putlines of a cast shadow, These outlines

" vary with the position, inclinatign,and convolutions
of the surface, and nay differ considerably in nutline
from the shadow cast lnto space. Forlexample,tgeline

describing the shadow cast by a éphere into space hasg

the form of a circle, whereas‘the cast shadow that

occurs when light direction 1s not verpendicular to

the surface has the form of an ellipse (ef. Pige Lo

49~
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The contents of a map consisting, in addition
to a representation of rellef, of hachured syﬁbols,
labels and other features, substantially afi'ects
the perception of a chiaroscuro image, In turn, the
latter also determines, to a great extent, the
readabllity of other elements in the map, Fér exampl;,
if the representation Includes intense shadow, 1ts
dark kxikx background will adversely affect the
readability of hachured features on the -map. If,
on the other hand, the number of hachured symbols and
labels is eéxcesasive, the spatial effect of a chiaroscuro
lmage 1s thereby impaifed. This factor, in particulér,
l;mits the use of cast shadow, which results in an
expansion of dark batkgrounds in a chiaroscuro lnage
and yet, because of the considerable number of inked-in
elements present, faiis to add to the three-mmim dimensional
quality of the representation., In such cases, it
is advisable to choose, in representing relief, a type
of lighting that allows the greatest possible shortening
of cast shadows, while still preserving gh%éree-
dimensional effect provided by othep elements in the
repfesentation, and allowing the use of color coubinations
contributing to conveying the spatral effect of relief.

The basic property of cast shadow may be swmmed
up in the following terms: cast shadow contributes to
an effect of apparent recession of the features 1t sovers;
the more a relief feature is coveréd by snadow, the

more this feature aﬁpeara to receds,

— %o~
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1, Reflected light.

Light rays that strike a surface are mEwkimity in part
absorbed by the surrace, and in vart reflected. Reflected

light striking other surfaces increases thelr illumination,

Thés phenoménon 1s known as reflected light, Reflected
light 1s also the effect of the reflection of light on ’
a specific object. Reflected light i1s, for example,
easlly observed on a sphere, if the latter fis placed
against a lipght bacégfound. In this case, the ﬁart of
the séhere ovposite to the direction of the light should
exnibit the deepest shadow., Yet 1t 1s v.;ecisely in this
part of tne sphere that we observe a light area, while
darger shadow is to be found nearer to the iliuminated
portion (cf. Fig. l)s This lighter ares 1is caused by
a reflection,from the surface on which the sphere is
placeq’of the light reaching the vortion of the sphere
hidden in shadow, This light area ensures the perception

form  aS a-
of the shape wf—tke sphere resting on a surfacs only at
one voint. Cast snadow and ref'lected light make it
pocsible to distinguish the image of a sphere from that
of a hemisphere: a hewm¥phere will not show reflected
light, since reflected light will skim the surface of
tne hemisphere without striking 1t.

The presence of reflected light 1s détermined, to
a considerable degree, by the nature of lagh£ reflection,
If 1ight were reflected only in mirror fashion, 1i,e.
only in one direction, reflected light would be observed

much less frequentlj, and would take the form @f aharply

— 5/ -
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outlined, bright spots, Diffused reflection contributes
to the appearance of reflected light‘in the form of
dull areas mtk of indefinite outlins,

The. use of reflected light in a repreéentation
must be based on conditions obtaining in actuality,

If reflected light causes the appearance of lipght
soots on cerzain objects, these objeets should be
dépicted a3 rEXkzxkimpxtigit 1 luminated by reflected
light, 1n tnis, due account mugt be taken.nf the
directisn of tne light emanating from the source, and
of the mutual relation of planes horizontally and
vertically, '

If tne planes pr.-sent are inclined reietively
little in relation to the vertlcal, and the distance
vetween them is relatively small (Fig. 9a), plane A
recéives re._atively intense light reflected from olans
B, 1If planes 4, and Bl are inclined considerably
in relation o the vertical (fig., 9b) and the distance
between them is considerable, surface Al will receive
reflected light from By that will be so weak as not
to be pergeptible.

Thus, in representing features of gentle inclination
and moderate promingnce, it 1s noy advisable to make
use of reflected lighé. Reflected lixht 1s most
applicable in representing mountainous relief, where
slopes form relatively acute angles with one anochsr,

Fig. 10 represents the mutual relation of a

nunoer of surféces in a horizontal plane. Light

reflected from surface A will iiluminate noticeably

—52-
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sur.ace R C, less noticeably surface E, and still

legs sur.ace F. It will fail entirely to reach

surraces B and G,

The effect of Pefiected 1light is partiocularly
important in depicting irregularities that are covered
by shadow. Without the offect of reflected light,
all irregularities, eminenccs snd other details
situate.. entirely in shadow co:ild -not be percelved.
KHeflected light wmakes it possible to rcad them, However,
the cxeesslve use of rcflected light may cause &
cluttered image and lead to a loss of readability of
the lareer am more important features., For this
rsagon, rcllected light ghould be used only where it
is justified by the relation of existing surfaces,
tns direction of the light, and the requiremsnts of
legibility of all features of rellef.

Reflected lisht is always weaker than directed
light as a result of abgorption, Therefore} a surface
illuminated throughx reflected light cannot be brighter
than a surface iliuminated through directed light.

By its brightness, reflected light ranks as one of
the gradations of shadow.

The visual qualities of reflected light may be
formulated as follows: reflected light conveys the
three-dminensional quality of objects hidden by their
own shadow, and thereby contributes to conveying the

total spatial efTect of deplicted relief.

-5 5-
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15. Shadows in dapressions.

One of the factors-al . ecting variations in the
_il.umlnation of sur-aces 1s the multiple reflection
ol L?ght, that has wch to do with the nature of
shadows 1n negative fratuwres of relief.

Lizht rays Lraveling in a relati&ely deep and
narow nefrative feature of relief are veflected many
times against the walls of the depression and mradually
Lose‘the?r intensity as they become absorbed in this
process, Light is at its iowest intsnsity ncar the
wottom o1 such a depression. Fig. 11 1s a dlagraaaatlc
reoresentation of the vatn of lig:t rays in o aspression,

On the s .rface, directed light is rperative ag well:
siu-face B ig illuninated, wnile surface A is in shadow.

Thus, the overall 11 unination of s.ich a feature
ro.lts Iroan tiic combined etr'ect of directed, scattered,
and repeatedly reflected lLizht,

Light retlected by surfaces are subject to
sca .tering on x&ﬁix veth toward the eye of the hypothetical
observer, and rcaches the eye in weakened form. In
this vrocess, veriations in thh intensity ot shadows
are pradually obLiterateg. The deeoer the depression,
i.e. tre Llenger the :afh traveled by reflected light
to the eye of the observery the more shadow differénces
are oSLitﬁrated and tne soi'ter bccome shadow outlines,

As a resilt of the loss of !ight intensity in
nezgative features ol relief, shoadows become mora.infsnse

- 5Yy-

and dariker.
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The deepenimg of shadows inside‘depressions is
casily noticeable on figures of marble or plaster

becsuse of tneir white surface which cause every

gradation >f shadow to be perceptible.

In deplcting relief, this darkening of shadows
is of great importance as a technigue. Usually, this
type of shadow is represented on the bottom of a negative
feature, where it is most ihtense. Its nature varies
witn the snape and depth of the depressién. For example,
in ravines ana fissures separating the lateral projections
of a mountain chain, the appearance of shadows near the
crest will differ from that of shadows at the foot of
tne chaine In the Tirst instance, the shadow at the
botto. of a ravine will be dark and have sharp edges,
while in the second, ti.e shadow will have indefinlte
wutlines and fuzzy edgese

If the rslief feoture is broad in surface, sradows
will not be greatly darkened. If the ravine 1s narrow,
the shadow will be wmarkedly more intense, particulerly
toward the bottou.

The atmosphsric scattering of light likewlse
arfects the darkening of shadows in negatilve features,
The light reflected by the surfaces and traveling
toward the eye of the observer from deenly réceding
£xrwx features, will scatter to a greater degree than‘

thaf are-
light reflected by featuresﬁ}ocated near aountain crests
and thet are sha:low. For this reason, it is legitdmate

to represent snadows as more diffuse and less contrasting

— 55 -
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in the first cese than in the second.

In representing negative features and darkening the
snadows within.them, due account must be taken of
changes of direction, curvature, the width of £he bottom,
the grade of the slopes and the elevation of surro :nding
features, as well as of the direction of light, 1f
the s adow is represented as a dark line or band, evenly
extended along the bottom of the depression and fuzzy
on tie eages, xhia the resulting imapge will appear HRAELREE
unrsaligtie, If, on the other hand, the intensity of
tiie siadow is varied to account for changesmf in ilLum‘nation,
and if tre s-.adow occasionally merges with own ‘shadow
or grades intc cast shadow or, sn the contrary, assumes .
snarp outlines, the lmage will be réalistic, and the
shadow within the negatlve feature will be percelved as
an integral part of the ;;:g;;e.

It should be noted that artists often ¢-ntent themselves
+itn representing only the projection of positive features,
on the grounds that if the latter is achelved, negative
features will thereby be conveyed. Thét, however, is
not trus. The sallence of features is Am acheived by
techniaques e.nhasizing the areas near mountain crests
and swnnits, and that do not serve o cenvey the recession
of the lower portions of negative features. To achelve
a cémolete three-dimensional etfect, 1t is essential
also to employ techniques aimed at conveying the recession
of t:e lowermost portions of fissures and ravines., Onse

of these technicues 1s tr.e dariening of shadows in negatlve

features. - 5‘5’_
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10, GOhoosing light direction.

The crrative aclvity of man, always manifested in
an environment consisting of oqucts, requires that
these be nerceived distinctly through vision.

The distinct vision of objects hingeé, to a
considerable extent, on the presence of shadows, that
always occur on i. uminateu objectsa. Cases of the
total scattering of light, resulting in the absence
of shadows, are relatively rare. Uéually, of the
many ai.ections in which iight travels, there 1is
one'that predominates. It is thls main direction
that aeteriines the xaln features of the distribution
of shadows on objects.,. ‘

Depending on xikm light direction, variations
occur in the outlines of shadows on objects, and
this in turn affects the visual perception of these

objecta.

The most advantageous light direction for the

perception of objects i1s one which causes distinctions

on surfaces of objects that range from the lightest

to the darkest tonalitles and include all gradations

of chiaroscuro. This mgy occur only when light direction
‘does not coincide with the direction of the observer's
line of sight, If the two colncide, tHe eye will

see only illuminated and semi-il uminated surfaces,

fhm Barker shadows, even when present, will be hidden

by the objects themselves and wili not be vizible,.

Reflected light will mmx be absent.

~57 -
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The non-coincidence of the orlentations of light

and of the line of sight, i.e. side-lighting, allowd

the distinction of the full range of shadw s thﬁt

serves to define objects. Photographers, painters,
decorators, stage lignters and architects make extensivé
use of slde-lighting in their work., The observation

of solid bodies in most branches of science and technology
also involves the use of side-lighting,

The three-dimensional representation of relief also
reqaires the use of a definite light direction, geared
to the specific requirements of a map, Features of
re:lef are conveyed on a map 1in orthogonal projection,
and it is in this position that the reader of the map
always sees them. This projection corresponds to a
vervical line of sight. Therefore, to provide the
most favoraole conditions for the viewing of the
features of rellef represented, light direction shoulad
be other than vertical,

Light directiomis defined in terms of its vertical
component (the elevation of the light source) and its
horizontal position (azimuth direction). In the vertical
plane; various types of lighting are distingulshed on
the basis of their angle: vertical (elevation - 90°),
horizontal (the light source is in the horizonial plans),
and o%iggie (the light source is in a position intermediate
between the Horizonta: and the ve.tical).

In the horizontal plane, the direction of lisht rays

may vary within the limits of a full cirele. Usually,

—59-
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Lisnt uireetion in the horizontal nlane is 1efﬁned in

. terms of cardinal dlrections, and varisus types of
Lignting are respéctively termed ndrthern, s uthern;
nirthwestern, southeastorm, etc.

side.
17. _lhe cnaracteristics of vertical and eb-iwue Sig.t'ng,

The nost brigntly lighte. sartaces a o those struck
b; vertical ravs of light, A the unrle orf tncilcence
i vecreraged, the il.umination of surfuccs ‘ecreasns,

Fi:, l2a s.ovs that ri.e-lichting results in‘the
createat 1! wnination of surlace A, which is 5. rneck
b& a iisht ray at a xmzx right angle or nearly so,
Surf.ce B is less intensely iliuminated, and light sirikes
1t an obli ue angle. Surf:ce C, inacc-ssible to rays

ol circcted +ight, is totally obscured by shadow. ‘Thus,

oblicue light causes botn lipnt and dark shadows, cast
Snaaoss, an. other elements of chiaroscuro. The orientation
o tne line of sirht goes noc caincide with licht dlrection,
&n. rer iunis reason all the reletions of light and shadow
are accurately vexreeived by tne eye.

Fieo 12b nmaxes it avparent that vertical lighting
'ei:8 to cause any cf the slopes to be struel by light
rsys at a richt ancle, Mcst of t-e surl'aces, with the

"ezcertion of horizontal -ones, are onlw Half-illuwninnted,

Inere are very xtmx fow surfaces hicden by total shadow.

Ar>nys these should be included vertical slopes, tanceitial
to the iight rays, but tney renain invisible to the aye,
since the line of sight is also tangential to them,

Vertical iightin causes opvoslte slopes of 11 untein ranges
5 2! P £

~—59- -
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to be 1t aninateu equally, particularly 4r phey are
symmetric, instead of being divided into lighter and
darker ones, Ewmrx Crests and summits do not serve
&8s divides between lighted and shaded surfaces and,
a8 a result, their pro jection is poorly a:preciated,

All these factors Eri¥xkwx do not favor the
accurate nercer tion of three-dimensional features,
particularly or mountainous relief, .E%Q the =mxm representation
of “lat or slightly accldented rellef, =zmtx cut by
ravines and characterized by flat op domne-shaped watersheds,
vertical lighting 18 more effective, In such a case,
the stceg slopes of ravines and gullies are the least
iliuminated features. Dark shadows convey thelr complex
netvork against the light background of shadows defining
the gently slopes of dome-shaped hills,

Ir consistenyly uased, slde~lighting makes 1t vossible
to convey the features of any type of relief, including
one that is flat or gently rodling, Fig. 12a makes 1%
apparent that surface g, wnich Tepresents a plain, receives
less light than surface A, which 1ig struck perpendicularly
by light rayse. It followg that, in representing relier,
it will be necessary to fepresont all flat surfaces as
in: shadow, contrasting them with both shaded ang lighted
dreas on the banks of rivers, hills and other max features
of toderate elovation, in éccordance with their de ree
of 1l.umination, The examination of photographs of relief
models obtatned with flce~lighting always rev als ﬁhat

plains apoear darker than slopes that face the light,

—60~
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The three-dimensional effect of the shaded image
is due, in lLarge part, to the conslistent use of
side-lighting for all surfaces (Fig. 13).

However, maps frequently make use of slde-lighting
not for all surfacés, but only for features of mountain
relief. The reascn for this is that side-lighting
requires: that all flat expanses by covered with nore
or less intense shadow, and tnils backgmound impairs
the lerlbility of other features on the map.

Taerefore, flat areas are often unshaded, while
Xxzx 1llumineted Xawsxxpmriizm mountain slopes are
rendered, in thelr lower portions, in light shadow,
which 1s made to decrease and disappear with altitude
(Fig. 14). This technique hinges on the unequal
Jdispersion of reflected light reaching the eye from
lower and upper nortions of 1.iuminatea mountain
slopes. Hight reflected by lower portlons mmxxhsxn
Ihexays has a greater distance to travel in reaching
the eye than light reflected by upper portions, and
is affected, to a greater degree, by the scattering
nediwa of the atmosphere, th;$ decreases the Intensity
of light., However, such an assumption -eleo requires

that flat areas(gg\gifg xhx in shadow, a8 a result of

light scattering, Egﬁ this is not actually applied

in practice. The zﬁgii‘use of slde-lighting in

practice allows ; reasonably clear definition of
features of mountain relief, but is not geared to
the representation of flat relief, and has no way

to compenéate for loss of three—dnimansionality4cadsed

”Té:/"
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by the inconsistent use of side~lighting for all
surfaces,
The . integral application of side-lighfing is
.exemplified on a number of maps, in particular some
sheets of the American map of Alaska on the scale of
i: 250,000, 1952 edition,
Maps with background, though non-gypsometric
coloration (political, economie, and others) may
make consistent use of side-lighting, if the color
background is used as a shadow covering flat surfaces.
Obdieue—or Side-1ighiing includes, as previously
stated, lighting in which light direction is intermediate
beiween the vertical and horizontal directions, 1,e.
when 1t varies within an angle of 90°, The actual
range witnin which light direction nay be varied is
himited. Exm In practice, the elevation of the light
source rarely exceceds 30 to Lo in side~lighting., The
use of a: ekevation of 30° for the light source in
photograohing reiief models with equal horizontal
and vertical scaleg ylelds satidfactory results,
Horizontal lighting is used on maps very rarely
for the reason that the snadows cast by relief features
are projected to infinitysmadx and obscure all projecting
features situated at any distance from the light gource,
This type of lignting'has been used on some naps of
Switzerlané, but the results have not been satisfactorya
The mmtire relier situated to the sout1 and southeast

of the Pennine Alps wasg obscured, under conditions of

—4 2 -
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northwestern lighting, anc lost its legibility.

In acaition to vertical and side lighting,
rREtoxermky cartography also recognizes oblique
lighting, made to include all cases of side~1lighting
in which light rays strike at an angle, as well as
mixed or multiple lighting, a category aibsuming the
simultaneous use of several light directions, such
ag vertical, laterasl, end other types of light.

Oblique lighting is nothing but 1llumination .
from the side, i.e. side lighting, and differs only
in name, Such a substitution of terms, that has
become current among practitioners of side-lighting,
seemns unjustified.

Mixed lighting may be used with Justification
in photogra hing relief models so as to eliminate
undesirable shadows. In drafting, mixed lighting
is neitner necessary nor advisable, since side lighting
allows the use of all the needed elements of chiaroscuro
to obtain a three-dimensional représentation. At the
same time, the estimation of all variat@ons of light
and shadow under combined lighting, such az joint
side and vertical lighting, is 2 highly complex problem,

18, The charscteristics of northwestern lighting. -

In making use of side lighting, it is important
to decide upon an orientation of light in the hori.ontal
plane, i.e. on an azimufh direction of light, on the
assumption that the hynothetical light s»urce, like

the sun, may vary not only in elevation, but also in

-j;\?-
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its nosition reiative to the cardinal dircctlaens.

It would seem indicated in this connection to
maxe use of mEEmexx conditions ootaining in nature,
such as the position of the sun, During most of
the day, the sun is situated in the southern half
of the sky, an: tnis would rcsult in southeastern,
southnern, or scuthwastern light. However, in practice,
¢ rtograrhy mest freauently makes use of no. thiestern
iignting.

How is t:.ls to oe explgined? The aﬁswer must
be sought in the necessity of>using the most habitual
and convenient type of lighting for the perception of
an image. The requirement stems from conditions
governing our perceptions of real objects around us.
In the course of any xind of work, suci: as writing
or reading, we attempt to plage ourselves in such a

- position as will allow light to fall on the object
examined, and as wi.l not cause the shadow of the
hand to mhsxmrx fall on the sheet of paper or the boo<.
The most convenimnt position 1le one in which light
falls on the left and fromxihexfrant in fxEREX front,

People are accustomed to work in suck a positi n, and

to percelve, from such a vantage point, both the objects

poncerned in his work and other surm unding objectsx
and shapes, outlined by their shadows, Any change
in tne cairection of light such, as for example, &2
switeh to lighting from the right or from the rear,

will cause disturbance and discomfort,

64
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Translated into cartographic terms, such
lighting (from the left and right) becomes northwestern
lighting, dnd it is this light direction that ig
most commonly used in maps, It is so habitusl that
ir thehrepresentation is turned upside down, and
1f was originally exeouted in this type of lighting,
the relief will be distorted: positive features
will appear negative, and vice versa.

There have been made, and still are being made,
atte.pts to use a light direction closer to that
actually resulting from the sun's position, in particular
BEEX &8 southern one, In particular, this type of
lighting was used in a German air map on & scale
of 1: 500,000, 1Its object was to allow the fller
to compare the.reatures of relief as they appeared
on the map with those he observed under similar
conditions of lighting. This aim was not acheived,
and, at the same time, the appreciation of relief
wilth southern lighting was mmdm found to be NRER
considerably impeded, The same requirements cannot
be set for shadow outlines in a drawing and in
the field, In a representation, shadohs do not vary,

while they are constantly cnanging thelr positions
summer

in reglity, In the BEEMERRPRXEXY, the sun has an

elevation of approximately 60° in the swmmer sky
at our latitudes, while shadows on a map are assumed
to be caused by a light source at an elevation of

about 30%°, Under such different lighting conditi ons,

~ L5
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si&ilavities in the distribution of light and shaudow
should hardly be expected, ‘

The use of northwaétern lighting does not imply
that the path of lLizht rays is assuzed to remain
entirely constant all the tine, . The direction followed
by light rays may vary, sometimes considerably,
in accoruance with the cistribution of the features
Jevicted and their relation to one another. These
variations may at times be as large as 90° or even
greater, though the light ®=sx sh,uld Zenerally remain
northrestern and affect the distribution of lipght
and snadow corresoondingly,

Variations in :ight alrection in accordance
with the cosition ot relist feutures are evident in
Fiz, 13,

Chapter III
RELIEF MAPS AND MODELS AND THEIR USE IN RENDERING RELTEF
BY MEANS OF SHADOWS

19. _The use o: relief maps and modelg,

Relief maps and models inciludekwrms three-dimensional
representations of terrain, which can be prepared in
a varlety of manners., Models and inaps are differently
desiznated depending on their nurpose, Relisf map,
terrain model, terrain mock-up, miniature volygon,
sand box, topographic relief map are some of the many
designationg applied to such models and naps,

Of all existing types of representations of relief,

models are the most effective visually., ‘The visual

"“éZ“
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effectiveness of & modei,‘which Ls that>of e solid’
objrct, allows the visaal avpreciation of bhe three-
dimensional qual ity or relief fsatures not only by
means of' s wmdows, but also throuzh the stereoscor ic
ellect arisin: Trom xke binocular vistlon.

Visual wuulities arse reosponsible for tho ever
increasinm use of models in various branches of
culture, sclence and ﬁpcnnology. Models maxe 1t
posd ble not only to ontain a comwprehensive idea
ot the terrain, but alsc to effect calculations and
to mane accurate measurements of reiisf.

For edurational purmoses, relief models an maps
ace irrepraceable alds to siudy in a variety of t'ields.
Iney rmake it nossible to obtain some ides of the
nature of terrain and the atructure of relief onoth
over large areas and in limited nortions thereof,
to gain some conception of the origin and freo logy
of a given retief, of the distinctive features of
iocel farming, suc as drainare ¢nd irrigation, and
arcas subject to flonding. To a considerable degree,
moaels are an aid to tne study of cartograrhic technicues

for convering relief, such as tne technirues of cntouring,
- ] ..
‘(\.lpgoms’- ™C
shadow representation, and ¢ crlombin, Models

also allow familidri-ation with instrumental and visual

survey tec:aicues, etc.

In institutions of higher learning that train‘
speclalists in various br.nches of tae national- economy,’
reilef waps andg 1odels are highly valued as visual ailds

for cducation, — é 7..
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Relief models are ceven more eaential in gchools,
where btiley allow a visually more effective explanation
of the structure and characteristics of particular
sections of terrain, as well as of entlre countries,
alilow visual comparisons among the latter, and leave
an indelible impression in the mind of the confliguration
éf the area studied.

Yet, #nastitutions of higher learning are still
not supplied with the various models they need, Schools
are even more poorly equipped in this respect.

Tzchniques usea in practlce in the preparation
of models may be cate~orized as approximate or exact,

The process of preparing a model requires initially
the construction of an armature for elevations, to
allow the modelling over it of all inequalities on
the surface of the model and to achieve control of
the relations in height of various points on the surface
of the model,

Approximate techniques, with the exeeption of the
verj simplest ones (whitch do not require any control
over elevations whatsoxmsemever), involve the construction
éf‘the arnature by means of vertical pegs of varying
height or by means of vertical cross sections mmx
im orlented along aefinite directionsg on the base of
the model under preparétion.

Exaet technigues make use of an armature consisting
of a set of plané surfaces; set one on the other to

conform with variations in elevation, IThw A series

—~£ 8-
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of horizontal sur aces of predetermined thickness
tnus accurately reproduces the relief of the area
i?d, et the same time, constitutes a readymmade
ﬁm model.

Approximate techniques require that tho space
between Pegs or cross sections be filled with piastic
material., All irregularities have to be filled in
by eye. E.act techniques involve a stepved model
which quite accurstely reorouuces the relief of the
area, and reauire only the i lirg in of the concavitieg
of tue steps or the craving out of the golid anéles
Tormed by the same.

In receunt years, modeling techinology has advancnd
conslcerably. Highly e“ficient mechanical neans for
the preparati-n and reproduction of wmodels have bean
uevised, but they arms not ag yet widesnread, Manual
proccaures still predominate, Mechanical procedures
still contain a number of flaws that remain to be
elininated. For example, they do not allow the exeeution
of one-piece .i0dels of large aize, The model has to
be maue up of a series of blocks, w:ich must be joined
and adjusted to one another, In a number of cases,
technology is responsible for lowering the acéuracy
of models to an aporeclable extent, and the model may
lose smali-scale; though nonetheless imnortant, featuresA
ol' relief, etc. These defects, that aré susce~tible
of elimination, iliustrate the need of developing the

technology and training personnel for the processeaf

~69-
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of model production,

A photograph of & relief model whose Qurface hag
but one color, such as white, 1s called a photo-relief.
A photo-relief, ei'Tectively conveying the'orography
of an area and tie location of all features in 1%,

may often be used as a map ol fhm relief, 1if completed

with a few auditional entrles.it

%An example of this is to be seen in the "Photo-relief
vof the Caucasus' by G. Mets, on a scale of aonroximately
- 70 versts to the inch (13 2,8l,0,000), reproduced by
means ol photo-cppy. '
Another example may be found In a photo-relilef
of France, publisned in the atlas: Vivient de Saint
Mar:tin et Schrader, Atlas Universel de Geographle,

Paris, 1925, It is also printed by means of the photo-

COpy process,

Modern ronroduction ted niques allow rellef models
to be used as originals for a représentation by means

of shadows in map making. Sucn techniques have alracady

“- .found tnelr application in some mapsi

#3  Relief models were used for the representation of
relief by s+adows on the German aerial mep (1: 500,000),
. and for a similar representation on the American ﬁap

- of Alaska (1: 250,000) published in 1952,
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If a relief model.is intended for use as a
relief map, it does not nsually remain a single color,
but is painted in some way and markcd with the symbols
appropriate to comey the contents 0" the map. The
symbols themselves may be o the model type, i.e., in relief,
of flat, i.e., drawn in paint and India ink by means of brush,
drawing pen, curved knife [ krivonozhka/, quill, etec.

2(. _Approximate techniques for the preparation of models.

We may cite as examples of the simplest models
those made out o* sand ard used mainly in various
branches of the armed services for training personnel.
A rox measuring approximately 2’by 3 meters is filled
with sand or sand with a slight admixture of clay.
the mixture is wetted down with water, and shaped to
represent the terrain under discussion., As a result
of the admixture of clay, the model does not cruhbie
upon drying and yet may easily be destroyed if another
model is to be prepared,

Mock-ups of buildin; s, bushes and trees may be
set on the surface. Streams and roads may be represented
by threads of varying colors, bodies of waber are
symbolized 5y pieces of glass or tinfoil, and various

o tactical signs are prepared out of wood, metal, rubber,

or as drawing on cardboard. Depending on the subject
under study and the pfoblem, all ‘these symbols hay be
moved around and clLanged. The relief hay be warped

“. or crumbled and then wetted again to prepare a different

~7/-
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type of terrain, In sand models, reliefhis shaped by eye,

without the use of any reference points to determine.
elevation,
To prepare imodels of a more permanent nature,
an armature for elevations is needed to control height
reiatisnships in the wodel.
The orocess of preparation for such models is as follows,
A map or a hand-drawn copy of one %x, con1ainin5
a flat reprosentation of relief and elevations, 1s pasted
on a plece of l.WOOdor & wooden board, Metal stakes are
then set on this fo.ndation at key points (river valleys, crests,
sunaits, bottoms of depressions, bases of m>yuntalns,
watersneds) to serve as elevation guides, Relatively
thick nleces of wire or nails may be used as stakes. The
stakes are so set in the foundation as to protrude above
it to a height equal to the elevation of the terrain at
&hat particular point on a predetermined vertical scale,
The space peiween the stakes is filled with plastic material:
clay mixed with sand, olasticine, plaster, papier mache, etc.
All inequalities between stakes are entered on the model
by eye (Fig, 15),
Greater accwrsacy in r d relief may be acheived
. by using an armature for elevatlons consisting of vertical
cross sections; running through pradetermined points mmm
" or at right angles to one another. These cross sections,
“cut out of#Xplywood or cardboard, are glued perpendicularly

:on the foundation or set into it, The intervals between

the cross sections, like those between stakes, are fillcd

~.in and sheped by eye (Fig. 16).

| 72 -
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The shaping of the surface 1s done manually.
However, there are many details of rellef that must
be shown and that cannot very well be modeled by hand.
For rendering such detalls, use is made of wooden
spatulas, sticks and wooden pins that allow ‘the
modelling of the smallest cavitles and the smoothing
of the surface of the model.

In modeling superficial inequalitles, it is
imoortant to make sure that the ends of stakes or
ribs of cross sections dom not protrude above the
surface of the uodel and, at the sawme time, that they
are not buried at any depth. ' The surface of the model
must coincide with the tips of the stakes or the edges
of the cross secticns,

21, Exact techniques for the preparation of models.

Three-dimensional relief is most accurately

shaped in accordance with contours, Contours make it
possible to prepare & solid model without recourse to
the visual interpolation of minor inequalities, Modeling
in accordance with contour lines in practice % consists
of obtaining plane surfaces outlined by contour lines

S‘ﬁ'a.(kihﬁ
and »&d49% them on one over the other., The thickuess
of sacﬁ surface depends on the interval mnit and the
vertical scale used.

The preparation of tne model requires a fowndation

in the form of & wooden board or a piece of plywood. A

map in wnich relief is expressed by means of contour”

lines is glued on this base., Then the thickness of each

~73-
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horizontal layer representing one contour interval
is.determined in accordance with a glven vertical
scale, and the number of these layers is counted,
Such layers may be made f£xmm of cardboard or from
plywood of the recguired thickness. The numoer of
laycrs used equals the number of contour lines_req.ired
to express the relief represented. =Emsk On each
sheet of zhmmx plywood or cardboard, a drawing is
maac of the contour which will Gelimit that particular
layer, as well as a drawing of the next inner contour
where the adjoining upper layer is tc fit. Each
layer algo bears a coordinate grid (of rectangular
or geographic coordinates) to guide the fitting of
the layers togectner, Contours and grild may be marked
in a vardety of ways: by glulng map sheets bearing
printea contour lines and grids onto the plywood or
cagdboard; by printing the contours and coordinste
grid directly on xMm cardboard; or by drawing in
these elements by hand.

A layer delimited bj a specific contour line is
cut out of each plywood or cardboard sheet,

The layers may be cut out with a knife, sclssoras,
or a fret saw, \

A mechanical fret saw may also be used, whose blade,
set in motlon kyx vertically by an electric motor, is
fixed on a lathe, while the shecet of plywood bearing
the contour line is moved under it. &mxk A saw of

this type expedites greatly the process of cutting out

the layerasa, | ‘74 _
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The excised flat layers are then layed
~ in sequence in order of elevation over the foundation
bearin; the glued-on map. The layers are correctly

placad by reference to countour lines and the coordinate
¢rid. The layers are joined to the foundation and

to each other throﬁgh ¢luing with wood glue, rubber
cement, or some other adhesive, or may if necessary,

be hammered on with nails. The result is a tiered
model (fig. 17).

Subsequent yrocessing of tl.e model consists iR
evening out the stepped surface by filiine in the
dents between the protruding ledges or the carving
oub of the tiers themselves. In [illing the dents,

- some plastic material, such as a mixture of plaster
and clay, plaster, papier mache, a mixture of chalk
and glue, etc., is used. The cutting way of the tiers
is done with a kabfe and a scalpel.

22. Mechanical technigues for the preparation of tiered

models,

Mamal means of cutting out layers and preparing
‘; tiered models involve a considerable expenditure of

time and are notable for their inefficiency.

In the last decade, a number of countries have

»i begun to make use of mechanical laths that make possible
_ the preparation of tiered mocels out of a variety of
- materials with much freater rapidity than is possible

by hand. Except for some technical details, the earlier

oo 30" wus fac 3 . onot AFTTer T Tagertally from evrrent

L B

e
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One such machine is the three- imensjonal panto-raph;
which is essentially a copy milling machine {Fig. 18).
The nmachine consists of two supporting surfaces: one is
anchored in une place, thec other moves.‘ertically. A
pantofraph, operatin, in a 1:1 relation, is fixed above
t'e suprorting s.rfaces. One of its ends is a tracing
pbint, the other a cvtter. The first supporting surface
bears a contour map, the other a plate of lead, duralumin,
plaster ard raraffin, plastic or other material. As the
tracing point follows a contour line, the cutter repeats
its motion exactly and cuts out a groove of predebermined
depth in the plate, which reproduces the pattern of the contour.
The entire part of the layer situated outside of the
contour is removed b a larger cutter.

T~ cuttinr bepins with the highest contour line.
Following the cutting of the first contéuy and the
removal . f the layer lyins outside of the limits 8f
the contour, the surface bearing the plate is raised
t0 a predetermined height, and the following contour
is cut. The process is repeated until the lowest
contour line has been cut. If bodies of water
of lower -elevation than the lowest contour are to be
represented, a cut is made to follow the shoreline.

The use of a copy millin; machine has made it

possible to ,reatly reduce the time required for the

preparation of a tiered model.

-7¢-
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Such mechines have beén used in France (hxkxhn
made by the Hure company) anu in Germany (by the
Deckel cowmpany). A machine patterned after the
Deckel model was built at the "Hammer and Sickle"
plant in the USSR in the 1930ies.

Lately, a three-dimensional pantograph has been
placed in operation by the K. Wenschow concern (German
Federnted Republic).

The kemx Cartographic department of the U.S. Army
also uses a pantograph of German design, with some
avuit onal improvements., The solld plate from which-
the model 1s prepared 1s replacéd by a laminated
plastic block. The thickness of sach layer equuls
the elevation of one contour interval on a predetermined
vertical scale. The layers are gluec and pressed
together. The motion of the zxxxﬁﬁgﬁgﬁinx causes
the plastic to be cut by the milling cutter, After
the tracing is completed, the entire portion of the
lgyer lying outside of the conipunm line is removed
by hand. As the cutter is progressively lowered, .
tne -uter portions are removed in turn, and the
result is & tiered model., In additional, human '
error on the nart of the operavor is obviated in
tracing the contour lines, The tracing point is
replaced by a phonograph stylus tioat foliows not
a contour drawn on a map,‘but a gEmmym set of deeoly
etched or engraved contours on & glass or metal plate.

The stylus follows the grooved contour line without

,7'7_
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having any leeway for lateral motion, and this excludes
the possibility of human error resulting fwom the
tracing of the contour with, a blunt proint,

In 1939, the Soviet enrineer A.A. Magaznov dewised
a metal-stamping process for the preparation and reproduction
of relief maps, consisting in the following., A thin sheet
of nickel-plated copper (0.l mm thick) was imparted a
complete contour represemidtbon on both faces by the

. chromo-albumin process. Further processing led to the
removel of the nickel along the contour lines,
The contours thus appear as yellow lines on a white
background. The sheet is then placed on a rubber plate,
and a special engraving teol is used, alternately from both
sides, to stamp out the metal along the contour
lines to produce a tier-like protrusiems Successive
gtamping along each contour line produces a relief modsl.

A negative form is then obtained through plating or
casting, and it, in turn, yields a positive cast out of
papier mache, The positive and negative forms are t'en
placed together in a preas so that one fits in the other.
Special reference markinss mage it possible to place between
them a moistened map wheet whicﬁ is converted, in the press,
into a relief maps

A relief map of the USSR on ascale of 1t22,000;000
has been prepared experimentally by this pwocess. The
resulting maﬁs were found to be ingccurate, a circumstance
to be explatned by the use of manual processes and

inaccuracies of execution, A.A. Magaznov was killed

in the front lines during World War II, No further

| -7¢9-
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24 owas anne on this orojuct,

In 191947, a metal stamping procéss. simitar
in princinle t» t.at of A.A. Mamaznov arcl tecontna’ly
Sttt g o7’
immesvad, sas pul G 1o the Unitedu Statosz. &
aschine nas been deosisned for tne .ec mnlcal nrevaratin
ol a w2t wouel. The nscti'ne 13 calle a reliei: aph
(fiz. 19). The rc.iel graph consists of a mascive
vabu ar »art, over which is m.unted a nulsating hsamer
0.1 a wvuoie ars, with a rusver tip. T “ammer is
i~oile in a . tnree i 'actions, A ruover vnilate is
nlaced on trie taou'ar part, The diastance between
the nammer and the plate 1s regulated in ac~ordance
4.t “ie vsrticar scale employed, A sheet of soft
aiuinum abnhut L nm in thickmess on wiich the cautour
Linzs have been orinted is secured in a frams by
means i cianps that keep the shect in place, in a
rosition parallel to that of the s.rface of the fhabular
nart., The sheet 1s stretched tichly to allow the
stamning of relief on it, The tabular part is piaced
under the sheet in suach a aanner that its rubper
coverinz is’ in contact with the sheet of aluninum. -
The frame is woved upward and downwurd by means of
& .anually controlled wheel. A foot pedal and a
bheostat confrol the vibration of the hamner. The
ta ular vortion and the v 'bratinT hawner are lowered
for the stamping of sach contour interval to a .enth
co-resp nding te its celative elevation for the

vertical -.cale selected.

_79.
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Pracaing berins with the lower contours, and
.roceeds bto tne h'zher ones, but the cesultine model
is necative, A positive .iodel is ~b.ained by {i::ing
Tt innide ~r the wodel with raraff'n or soue\oghn?
ra~iaLys dryin coround, In thls process; pess are
set at selfinite nnints :nc osed by contour lines to
_rovi.ae mmmsimx oveninds £or tne rewoval of alr from
a'r oc:els,

AlL the parts and accessoriss of this machins
ﬁre moun-e¢d > a solin frame of cast stenl for uss
in mobile .a'iitary units enzaged in the vprouuction
of naps,.

At present, the aetal stamrins nrocess hua riven

in the US, tvo the execution >f mondels b: ¢, bing.

A caiting a.chine desisned In Ivaly has a fixed
.a er, under wnich a map sheet is placed - a apcol;
and a {ixed 1.:ing cutter, A mimkm plastic plate
is laid on a ‘able under the cu ter. A special set
of c-nirols ruides thd 2ontcur line under the narker.
The model under the mill cuiter is accordingly set
i motion, and the contour is -cut. This machine is
Less practical, though‘no less bulky, tiat the German
machine s

Soviet cartonravhy has aeveioued & numonr of
~rocesses and techninues for the preparation of relief
mouels. in particular, G.N. Pe.rov has prooosad a
mac ine of original aesian, wnich allows themnzik

decnanical preparatiasn ¢of re lef nodels vuv of 1a e fial

—Yo-.
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contained in a svecially ﬁesigned pack. The tracing
of a contour on a map by means f a tracing point
resalts in a negative tiered model which 1s lmprecssed
on the surface of the pack, which is then used to cast
a positive out of nlaster. The tiers may be smiothed
out by hand on the plaster cast. Following the casting
of the plaster model and the smwoothing of the materlal,
the pack may be re-used ¥t model relief.
The efficisncy of the preparation of models by
various means may be measured as follows.
The‘preparation of & model of one quadrangle of
a large scale map requires:
110 hours, by the process of stackinghmmix hand-eut
cardboard layers; BMEXEYxErsRE

78 hours, by the process of stacking machine~-ecut
cardboard layers;

16 hours, by the process of machine-stamping (casting
of vlaster model not included).

It is important to note that the accuracy with
which contours are stamped or cut is an importen t
criterion in evaluating mechanicel means of modsl
preparation. Copy milling machines are the most accurats,
since they may operate with mill cutters no kmrgsr than
0.2 mm in diameter. This allows the reproduction of
all %km minor curves and closely spaced contours.

23. Surfacs processing and accuracy control of models.

The tiered surface of the model may be smoothed

eitner by fi.ling in the grooves between the tiers or

.\Y/..

Declassified in Part - Sanitized Copy Approved for Release 2013/01/24 : CIA-RDP81-01043R001600120005-2



Declassified in Part - Sanitized Copy Approved for Release 2013/01/24 : CIA-RDP81-01043R001600120005-2

by cutting away their projections, Spatulas, rods;
pins, etc., may be used in filling in groowes with:
plaster., A convenient tyol for carving awey the
oprojections is scalpel with a sharply curved blade.
It is advisable to oroceed to the smoothing of the
model bafore it is entirely dry,

The accuracy of a tiered or smoothed model isz
controlled by means of a "shadow projector" (Figm. 20},
A shadow rrojector consists of a lens pro jecting
a shaft ~f parallel light rays, & point source of
light (for example, a g&&ﬁ:&ﬁéi pro jector bulb) and
a suppest for the moael, above which 18 placed a
positive image of the contour lines on a transperent
plate (canera film).

The Light rays, emanating from the lemns, are
in the form of a parallel beém. The shadows of thse
contours cast on the model should therefore coincide
with the tiers of the model. When & discrepancy is
discovered, narts of the model are enlarged ox cub
away. The diuensions of the shadow image 1s dstermined
by tnat of the lens} the image cannot exceed the
edges of the lens. Tnereforse, the checking and
correction of a larga'model requires the use of
a lens of equally large size, allowing the projection
of contours over the smiire model. Otherwisé, checking
must be done in several stages.

The shadows of the coritours also provide an

opportunity for filling in on the model certain

"‘K.Z."
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indispensable details that may not alw&ya be transmitted
in the process of model preparation. Such are gullies,
out banks, rocky crests, f£i1lls, mounds, etc.

In improving the accuracy and checking a rslief
model, 1t is important to generalize the details that
are being incised or applied. It should be remembered
that details are essential in & representation: they
serve to characterize relief Just as much as larger
features, However, their overabundance may obscure
the larger features, Detalls should be shown to the
extent that they aid in conveying the nature and
characteristics of the relief,

Experiénca, skill and artistic sense are important
in modeling details, since they aid in acheiving an
expressive and realistic rendition of relief.

For chekking & smoothed model, the tiersd model
is colored xiﬁh some dark shade (e,g. black, or brovn).
When the projections are cut avay or the grooves filled
in with white plaster, dark lines should show up in
origlnally projecting mmix or grooved parts, and these
should coincide with the contour line shadows obtained
by means of the shadow pro jector,

Thé s wrface of a spoothed model usually has rough
spotsy and cracks and requires spackling, Spackling
is.done with a mi£ture of chalk with wnrod or paper
glue, which is %hen smoothed with sand-paper without,
however; destroying any cetalls.

Furtner processing varies with the ovurpose.of

...f\}._
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tne model. If the model is intended for use as a
relief map, its entire contents needs to be entered
by means of coloring, drawing or the use of solid
syubols, or any combination thersof.

When the model is to serve as an or¥ inal for
the production of copies, contents is not entered,
Xx For obtaining a photorelief, the model should be
coated with a suitable compound of definite color,

Contents ig entered on relisf maps in a variety
of ways, For example, cultivated land, gxzx pastures
and settlenents are represented on large ascale maps
by means of various colors. Smm The method of pasting
asrial photographs on the models has also been used.
To this affect, an aerial mosaie was broken up into
triangles mmk, of' which two angles were situated on
a contour interval, while a third could be eagily
located both on the map and on the photograph, These
krx triangles were wetted and pasted on the model, and
the latter was then tinted in various shades, for
example with vrintert!s inks, The colors were applled
w;th\tampons. When 1t was found necessary to obtain
sharp boundaries between backgroﬁnd colors, stencils
‘made of stiff paper were used, or else plain sheets
of paver to shield areas which weré not be colored.
The details of the aerial photographs would remain
clearly visible thrﬂugh the transparent color laysrx.
Colors help considérably in contrasting large areas
wnich may not be picked ggteasily on black and white

_ P -

‘photographs.

Declassified in Part - Sanitized Copy Approved for Release 2013/01/24 : CIA-RDP81-01043R001600120005-2



Declassified in Part - Sanitized Copy Approved for Release 2013/01/24 : CIA-RDP81-01043R001600120005-2

~G5-

Sma l-scale re.ief mans are most comnonly
tinted accordins to the gypsometric scale. Hues
are selected in secoruunce with the tvpe of reiiefl
prasent.

Solia symbols are often used on r» el maps’
t° tnuicate mmixdimg structurcs, nlant cover, roads
ond otner elements, .

Solld symools may be prepared frowm the most
vari-d materia;sf Structures mav be renresented in
wood, 1innleum, rudbber, Trees, shrubs and forests
mey be shown by mcans of rubbsr sponge, moss or
saw dust, Réilroads «ay be. indicated with metal wire,
dater bodles are depicted with celluleoid, vinyl or
glass surfaces, co.oved on their ob¥erse faces in
& light blue or other col-r, American relief maps
prepared during World #ar II had symbols for plant
cover, in particular green hedges, imparted by means
of a syringe, which ejected a coloring substance,

Lab~ls may be applied in a nuwwber of ways:
they may be lettered by hand in ink, water colors
or nitro vaint, or applied in thn form of labels
nrinted on ordinary or waxed paper, Decals may
also be used. .

The pasting of printed labels yields the most
unsatisfactory results,_hggg’!@lthe labels standing
out because of their whiteness, and requiring tinting
to conform with the.color of thelr background.
Lavels printed on transvarent materddl (mmmmt

tracing narer or waxed vaper) do not stand out

—&5 -
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as much against the background of the map, but
have to be pasted on securely, 80 that the mentire
surface of the label is contact with the gurrace
of the.map. Decals yield good results, but =x .
tecnnical conditions do not aliays allow thefir us;.

In finishing a reliefl map; it should be kept
in mind that it is intesmnded to convey the relief
of the earth's sur.ace in a visually effective manner,
This purposes implies, in turn, a visually effective
rendition of other elements in the map. This exmpléins
the use of solid symbols and natural colors.

In coloring a map and placing symbols it 1s
important tiakxREiEid ambxaymkaks these fit the purpose and
scale of the map. Symbols may be magnified somewhat
in relation to the map scale, as long as this
magnification is not very obvious and does not prevent
the symbols from appearing realistic., OColors cannot
be too varlegated or too nirnx bright, and & must
combine and blend well with one another,

If all these conditlons are observed, a map mMAy
be mrminxmd made to produce the &fect an exact repllca
of the.térrain on & smaller scale. The artificial
nature of the model will be forgotten, eand the map
will acheive thereby 2 maximum of visual effeoctiveness
and comprehensibility.

éh. The reproduction of relief maps.

Processes for reproducing relief maps and models,

like thepeBEEEX pProcesses for producing them originally,

~96 -
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have benefited recently from tecnnical improvements
that allow mueh more rapid duplication than had been
possible previously. However, new techniques have
not yet mained wide currency., Manual craft processes
still predominate.

The manual duplication of models is done as follows.

The moael to be copied 1s coated with a thin
layer of a solution of vaseline in kerosens, so that
the projected nsgative form does not stick to the
aurfacoe of the original., The model is placed in a
box, whose sides exceed the heipght of the model by 1
or 2 cm. A solution of pléster or alebaster 1s poured
into the box go that it fills it to the brim and
covers all inequalities of the model's sur ‘age. After
the plaster has dried completely (in 3 to li hours),
the box turned over, and the mould taken out., The
surface ol t:.e mould 1s then coated once or twice
with waterpronf lacquer, to make it fmpervious to
water,.

The mold, alaso coated with vaseline, may then be
used to obtain positive copies of tne model by being
f£1lled with a solution of plaster, papier mache, or
sheets of paper soaked in a thin solution of starch
or paper glue, In preparing the dﬁplicate, the
plaster or pepler mache is distributed evenly throughout
‘the mold and 1s pressed into all of its cavities,

The paper for the first layers should have little

glue in it (filter paper, wrapping paver or newsprint

_&7-
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may be used), and is later replaceable by thicker paper,
The paper is first soaked and partially dried, to ensure
a closer fit in the mold, The paper is torn into small
pleces, which are laid out over ths mold and pressed

by hand, stamped with a stiff brush and poked into all
the recesses of the mold by means of sticks. The pressing
of the layers ol paper into the mold, varticularly

the first layers, determines the agcuracy of the copy.
The first ome or two layers of paper should be lald
without being coated with g}ge. The copy must be

of adequate sturdiness, and the total thickness of the
layers of paper should reach about 1.5 mm,

Along the edges of the mold, the layers of paper
are folded out to form a fringe.

After the mmkdxhwaxhmrenr casting has been comnleted
and the model has dried, it is taken out, set on &
wooden support, and achored taxtkx by gluing the fringe
to the support. Cracks anf fissures are then spackled,
and the model set on a dais,

The mounted model is then colored and provided
with all the elements of contents 1t needs.

Among the techniques for reproducing cories of
‘relief maps, memtion should be hade of stamping,.in
use as early as the XIXth century, The relief aovpearing
on & map, printed on cardboard or thick paper, was ‘
Pressed between a nositive and a negative die, fitting
one into the other. This process was used in nublishiﬁg

school maps, as well as spccialized and topographic ones,

ey
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bot:, in Ruscia and abroad. The procers ensured an
accuracy of fit between th~ mav and the mold rithin
+iaits of L to 2 mm, which is plainly 3inadecunte for
maps with relief of any complexity.

Lately, the process has enjoyed some currency
irc France. The manufacture of copies involves the
printing of the .aap on mxmiaysxmzka® glue-soaked
fiister naper. A hydraulic press exserting a pressurs
of 10U atmospheres presses the map into form made
of marsnesium oxycnloride cement or coated with welallic
p-wder.

In the United States, conies of* re'ief models
are made of rubver. A plaster mold, made f{row the
original model, 1s sprinkled with powdered mlca or
talcum, to prevent the adhesion of the rub.er to the
meld, A mixture of liquid rubber and filler (a cha'k
paste) in water to which concentrated amnonia la added
is applied to the surface of the ne~ative with & brish
or by means of a special atomizer, The mixture 1is
api t1lcu in several successive layers, In applying the
first layers, aqueous solutions of coloring agents
are added to the mixbture to color the copy in various
colors, Mountains are colored dark brown, beaches
are lirht brown, bodics of water are blue, wooded

areas are green, and bullaings are repregsnbed in

white., Bach layer of rubber ap lied ig sprinkled

witn a solution of acetic or citric acid, which

speeds up the setting of the rubber, Over bthe daunp

~ 99~
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layers of rubber, fragments of cloth soaked in the

same ruber mixture are applied. The number of
coth layers depends on tne rigidity required of
the copy.

For an hour, the copy 1s dried at a temperature
of about 60° G. It-is then vuleanized at a bemperature
of BU to 120° ¢ and stripped from the mold. The
entire process of duplication takes about 8 hours.
The final coloring of the co.y s done by hand,
and various elements are then entered on it. Rubber
covies of relief models are used by the Unlted States
Nav. for training purposes.

The most perfect of the processes for the duplication
of reiief maps 1s the vacuum method.

A multicolored print of the map 1s made on a
white sheet of vinylite., A nexatliwe plaster mold
is set in a vacuum frame, and is provided wilth
apertures for pumping out the alr, The mold is
covered with the map printed :n vinylite and is
fitted to it by the use of certain reference markers.
The map is hermetically attached to the borders of
the model and is covered with a 1id, equipped with
a water heater, The increcase in temperature causes
the vinylite sheest to mxik soften and to adhere
closely to the surface of the moid as the air 1is
pumped out, When cold water is imk passed through
the tubing of the vacuum frame, the vinylite cools
and hardens once again,

G0
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A recently desisned frame dlspemmes with the 'id.
There is a frame, to which a sheet of vinylite end a
‘plaster mold are pressed. Instead of a hot water systen,
a radiant heater causes the sheet to soften. Not
being sealed in, it allows the observation of the
molding progess, The time needed to produce a relief
map is 2 to L minutes,

The white vinylite sheets have been replaced by
sheets of transparent material., A mirror image of
the map is printed on the lowsr side of the sheet.

'The accuracy of fit between the mold and the map is
of_é 0.5 mm, 50 copies may be made within the space
of an hour,

The overall process, in the United States, including
the cutting of a model out of a laminated block,
the printing of t e map offi vinylite sheets and the
pressing of 50 copies takes I8 to 72 hours, The
equipment occuples a floor space of L5 sq, m.

In the USSR, a vacuum procedure is used in which
a sheet of vinyl 1s appllied to the Mlold in a pre-heated

" . and pre-gsoftened state, This aildWS a consliderable ‘
reauction of the space between the mﬁld and the vinyl
sheet, and the air may be pumped out rapidly, withsut
the formation,of fis§ures in the vinyl.

25. Choosing a vertical scale for the relief map.

The vertical scale is intimately dependent sn
the horizontal scals. In seleéting a vertical scale,

. a practical relation of the horizontal scale to the

~4/-
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vertical scale must be worxed out, If the relation
equals 1, the vertical scale equals the horizontal,
end the elevatinn of the relief is modeled on the
scate of tne map.

However, elevation is so minute, in actuality,
coapared to the other two dimewaions of the map,
that altitude must be exaggerated to allow the visual
aporeciation of relief, and Vhe vertical scale must
be greaier than tne horizontal.

The relation of the horizontal scaie to the
ve:tical may vary witain broad limits, from 1 to
1/20, but rarely exceeds these.

Phe choice of vertical scale is aetermined by
tne use for which the reiief map or model is intended,
and the nature of the relief represented.

For example, a model used as a visual aild in
an sducational institution or in analyzing a military
operation has as its aim the visual rendition of all
specirfic fcatures of relief. This recquires a considerabls
exagzoration of the relief in height, and allows for
a variation in the relation of the horizontal scale
to tne vevcical wit.in the limits of 1/5 %o 1/15.
ir £h5 pufpose of the model is diiferent (for example,

1f 1t is to be used to obtain an image vith shadows) ,

the rélation of the scales will lixewise differ. A

representation by means of shadows rcauires a mimimum
nunber of dark shadows obscuring depressions, of the

xind that are inxevitable when the élevation of the

relief is greatly exagmerated. To. obtain an 1mage

-9z
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with shadows, and in accordance with the nature of
the relief, the relation of acales should be close
to 1 or to 1/2 for a given type off lighting.

A weaily accidented r;lief, containing only
mouerate eminences, requires a horizontal scale
consiuerably smaller than the vertical, and their
relation should equal approximately 1/5 %o 1/10.

A relief with considerable differences of elevatlon
(a mountainous relief) requires relation of the

order of 1/2 to 1/5. Thus, if the same model 1s

to represent 4if fering types of relief, the_distinctive

' features of each should be taken into account in

choosins a vertical scale.
in practilce, attempts have been made to prepare

mouels with a variable scale. For example, & model
representing simultaneously flat, hilly end m untainous
relief would vary in wgzts vertical scale, ths
latter oeing increased in passing from mountalnous
to low areas. #hile the relation of scales would
be of 1/7 for low areas, & 1/5 relation would be
adopted for areas of medium rellef, while & relation
of 1/2 would be applled In areas of high mountailns.
The relations may &lso be varied in accordance with
a somewhat’diffarent principle. Scale variations
may be tied to areas of specific elevation. Thus,

& relation of 1/7 is used in the 0-500 m elevation
zone, and 1s successively increased to 1/5 for

& )
the 500 - 1500 m zone, 9/3 for the zone above that,

~-93-
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then to 1/2 and so forth. The higher the alevation,
the smaller the vertical scale becomes.
The use of a variable scale, & practice that
still requires experimental and practical testing,
may be justified if the model is not used for measurements,
Measurements in a context of varying scales is made
complex by the necessity of adjusting the results
to a single scale, This becomes particularly difficult
of a given measurement involves two different elevation
zones, that are rendered in two different vertlcal scales.
In choosing a vertical scale, it may be very
helpful to‘construct profiles which will allow an
estimate of how realistic the relief will appear in
the model.xx In doing this, it is advisable to draw
up several profiles, at different vertical scales,
fork the same areas, and then comﬁare them visually.

26. The #se of re:ief models to obtain shadow representations

of rellef,

Basically, the process of obtaining a shadow
representation consists of photographing & relief
model, and the subsequent FrEzEX processing of the
obtained photographic image.

A photographic image may be used in several
different ways.

One posaibility 1s to have ths photograph of the

- pelief model (the photo-relief)‘serve as the central
element of the cartographic representation, while

other elements are given relatively little emphasls

~494 -
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and play a subordinate role.

Another alternative is to print the photograph
of the relief megel, after appropriate processins,
cn a map, which contains a complete inventory of other
features.

The initial stage in both cases is the same. It consisats
in obtaining a photorelief (Fig., 21). The latter's subse-
quent processin and color finishing, however will differ.

To obtain a photorelief, the relation of the scales used
in preparing the model should be equsl or close to 1, to
avoid creating deep and lon; shadows, The entirs surface

.of the model should be painted one color, such as white.® After

# Cases in which the model is not of uniform color will

be examined subsequently.

paintin;, the surface should have a mat finish and not
reflect hirhlirhts when illuminated. White gouache
mav be used in painting, but if the paint layers are
laid on with a brush, highlights are unavoidable.
The best results are achieved with the end of a
horsehair brush (by %tamping") or v:LLh a spray-gun
that makes it possible to obtain a dull surface.
¥, Wenschow's concern (‘ederated Cerman Republic)
coats its models with aluminum paint before photograph:ing

trem. This makes it possible to ob*ain very sharp shadows

- 95-
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in the photograph, The strusture of the aluminum
particies must be such as to ocreate a mat surfiace.

In preparing a photorelisf which is not intended
for printing into a map, 1t is necessary to entér, on
the surface xm# éf the relief and by reference to
re%ief features, a detailed representation of drainags,
principal roads, population centegs and labels, and
to draft in the framing and title of the map.

The photorelief thus obtained is then completed
by entering other features, represented by various
colors!: xhm bodies of water, in gi::n; wooded areas

in green; roasds in red, and so on,

1

If the photorelief is being prepared for printing

in on a map as a shadow representation, the contents
of the map 1s not entered on the model,

The reproduction of all shadow gradatlions in a
photorelief requlres high grade printing., Good
results may be obtained by the phototype process,
which makes it possible to obtain an lmage with
little loss of shadows,

Photographing a model requires the use of a
special lighting system, allowing the most favorable
light direction.

. In the experimental photography of models, it
has been customary to use the wsiax bilateral lighting
arrangement conlionly employed in photography, When
photographing a model, one of the bulbs is turned off,
while the other is so placed as to cast light on the
rodel from the side at a definite angle anu fron &

pyéw
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definite distunce. The angle and distance are determined
by Lrial and error,uto avoid the creation of unduly

long shadows, and to have the light distributed uniformly
over the entire niocel,

Wnen the relation « scales equals 1, such a lighting
arranpgenent makes 1t possible to obtain a photorslief
in which shadows serve adequately to oxpress rellef,
but which also pm=xmax has definite faults: &ll shadows
appear unduly sharp, own shadows lack half-tone distinctions
#1lthin them and obscure t:e major features of relief,

This 1s to be explained by the fact that such a set up
vrovides only uirect lisht, the effects of reflacted
ana scaitered light being absent,

Tne K. Wenschow concern (German Federated Republic),
wirich ma.iufactures relief wodels and photoreliefs, employs
a special lighting arrangement, consisting of several
light sources.,

The first source illuminates the model with oblique
lignt froa the side, AA (Fig. 22:a). In depressions
situated below line aa (iig. 22:b). this creates deep
shadows, which preclude the reading of relief structure,

A second light sourcs, also proviaing an oblique beam
BB, weakens these shadows, without eliminating thea
entirely., Dark shadows remain in deep fissures and
depressions (cc). 'For this reason, a third, vertical
light direction D is used, to illuminate the darker
areas,

The second light source is mobile, Its function

~97- °
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1s to correct the defects caused by the other two
and to érea%e shadows serving to emphasize specific
features., It plays a hignly important role in
acheiving a plastic eifect for all the individual
components of the image., The intensity of the light

may be varied., If various portions of the model

require extensive chaiges in light direction BB),

these portions are photographed seoafately and then
fitted torether.

All ‘the light sources used in 1liuminating the
model are in the form not @f poing sources, l.e.
one bulb, but are constituBed by sets of biulbs.
Thus, for example, in lighting the model from above,
light bulbs may be mounted in & ring around the lens
of the camera, shielded to prevent reflections.
The lateral light source may be mounted on a rectilinear
rod, while the corrective light source may also be
in the form of & ring, in which not all lamps are
lighted, but only those r quired for the correction of
specitic defects,

Different lighting arrangements are also possible.

Except for 1ts central part, the photograph of
o relief model oxhiblts a shift of various points of
the image outward toward the margins of ‘the photograph.
The higher the relief featurew in the model and the
closer they aré to its edges, the greater the out ward
sh&ft. This shift is to be explained by the path of

kight rays through camers lenses according to the laws

4 -
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‘of central projection. This rssults in the non-coincidence
of the shadow image and the representation of relier

by contour lines, whish is drawn in an orthogonal
projection.

To mkimwxithixxk preclude this type of distortion
or, at least, to reduce it %o a_minﬁmum, the K, Wenschow
company (German Federated Republie) uses a camera
with & lens of long focal length. The camera is in
the form of a tube, and has & focal length of 22. 5 m,
The lens dimmeter is 38 cm, The power of the light
source is 30 kilowatts, The use of this type of lens
prevented the distortion of the relief image on its
peripheries. However, the 1nstallation 1s altogether

. too bulky,

The ovotical system used by the United States Army
cartographic service includes a spherical mirror measuring
about 85 em, with a focal length of L.6 m, and a
Tessar lens of 30 cm focal length. Objects reflected
in the nmirror are photographed through the Tessar
lens, Changes In the distance between the lens, the
mirror and the model mudify the projection of the
resulting image, which may be changed from cantrgl
to parallei and inverted %.

If an arrangement of this typem is used in
perapective photography of objects equal in size
situated at different distances, central projection

will cause closer objects to appaér larger than more

79
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A parallel projection makes it pvossible to have
all objects appear the same size in the photograph,
An inverted central projection causes more distank
objects to appear larger than closer ones,

Fig. 23 shows the photogranh af a model taken
in central projection, The lines of the coordinate
grid, drawn on the model a8 projections of straight
lines, appear as broken and curved lines as a result
of the lateral distortion or the relief. Fig, poiry
khe photograph of a wodel in parallel projection,
in which all the lines of the coordinate grid oceur
a8 straight lines, since no lateral distortion of' the
relief occurs,

The ootical System described allows obtaining
photographic images in orthogonal projection, coineiding
in all points with the contour-line representation
of the same relier,

This system mey also be used in checking a
tlered relief model. In this case, a contour-line
Tepresentation ig projected in varallel projectien
onto the model, 411l contours should coincide with -
the tiers of the model, Deviations of the tiers ‘
from the ¢contours ape corrested either by removing
éxeess material, or'adding it on where needed, However,
the shadow projeector previously described 1ia more
convenient for this kind or checleing,

The model may be variously colored for the

purpose of obtaining a photorelier, The surfage or

—/0o -
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the model may be unfformly colored white or mome

other color, In other cases, the coloration of

the model may be’ varied accorddng to definite ruleas,
- allowing the rendering, i. aadition to light and
- shadow distributLons, of other oharacberistics of
relief,
Certain concerns in the Federated German Republie
color .models by Limersion in a coloring agent, out !
o' which the model 1ig withdrawn gradually, thus
being dyed according to the principle of "the higher
the elevation, the darker the colbr“ or "the highey
the elevation, thedighter the color", In thig manner,
it is posaible to color flat portions of the model
and provide gradusl transitions to morse mountainous
portions, w hich are colored differently. The model
may also be colored by means of a spray gun, an atomizer,
or & brush, In using a spray gun, it ig possible to
vary the coloratio? of model surfaces in accordance
with their orientation in relation &4 the cardinal
directiona, For example, northwestern 8lopes may
be colored one way, southeastern ones another, Color
{ Separation ix in the photograph is obtained through
the use of lignt filters, This method of coloring
allows to obtain a generalizad shadow pattern on
the photograph,
) ) Thus, the varied coloration of model s ﬁakes it

possible to ascheive a photorelief with not only a

shadow representation, byt also other cha®ateristics

.__/()/..
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of reliefs hypsométric coloration, contrast between
mountainous and flat areas, etc.

Procedures for the utilization cf relief models
and photoreliefs for the representation of relief
by means of shadows cannot, as yet, be congidered
adeguately developed, particularly for multiple-sheet
and large size maps. The matching of the shadow
pattern on adjoining sheets, the problems
of coordinating the shadow pattern with the coloration
of elevation zones, the elimination of distortions
occuring 88 a result of the photographic process, and
the standardization of processes entering into the
overall process of obtaining a photorelief and a
shadow image, all need additional experimemtal working
over, and integration into a technological procedure
incorporating all processes.

The realization of ahjiph-grade photorelief is
a first step. It is not rave that a photographic
image, expressively and of fectively convey ng relief,
loses its qualities when printed, becomes distorted,
and is changed from a contrasting image exhibiting
all gradations of the shadow scale into a dull grey,
drab, inexpressive image as a‘printed mape.

Distortisrs and losses within *le pnotorclies
ire Ceteminsd, I large measure, by the very nature
of tue use of a grating printing, vlici lresks down a continuous
svccessior of hal’-icnes into minute Ciscrete elemc{ts.

A puotograph alsc undergoes 8ubstantial changes

-/02 -
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when 1t 1s converted fromm a black-and-white image
to a colored one on the prinked map, Any chromatic
tone is characterized by & smaller diffsrential of
brightness and less intensity than an echromatic
tone. As a result the effect of a xx gradation of
shadows 1s always more fully transmitted in an
achromatio, than in a ohromatic (single) tonas,

In order to preserve the effectiveneas of the
shadow image, a second set of contrasting half-tone
originals is prepared and, in the xprinting process,
a whole series of color tones is introduce to
heighten Xiux three-dimensional quality.

The merits and sultability of a ohotorslief for
printing purposes muat be determined visﬁally. The
dersity of the photograph, in whole and in eash of
its parts, mey be measured, but this does not vield
an adequate criterien of the quality of the photorelisf,
since 1t serves only tc svaluate contrast, and the
relation of intensities between various parts of the
photographic image. The basliec concern, however,
must be to evaluate the three-dimenszional effecPivencss
of the image ard to determine, accordingly, what
editional retouching work needs to be done on the
image end In preparing additional originals,

The realization of a shadow representation of
relief through the use of models is not limited to
obtaining a photorelief and répfodxucing is.

The processing of the surface of the model

obtained requires considerabla axperience in the

T -y
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shaping of details that serve to characterize a given
type of relief, and some Wnowledge in the field of
geomorphology.. The egeottion and verifisation of

work needed to preserve the effectivensss of the image
may be carried out in sooperation with qualified
cartographic artists, In this connection, it ia
important to pe able to tell, upon brief and preliminary
inspeotion, what additional processing and what kind

of acditional originals will Dbe needed.

The use of models and photoreliefs for the purpose
of obtaining shadow images of relief is effileient, ;nd
allows to cut down on manual work, The use of modela'
in production requires an adequatekyx technology,
certain indispensible technical equipment, and the
participation of a qualified cartographic artist,
capable of visually evaluating the merits of a photo-
relief,x=d of determining the extent of additional
menual work required, and of executing these, whetEher
they involve retouching ths photorelief or the

preparation of & second original.

Ghapter v

THE FUNDAMNETALS OF GOLOR UTILIiATIOH IN THE PLASTIO

AEPRESERTATION OF RELIEF. -

27, Color variations a5 IWX observed in nature.

"A representation of relief by meens of shadows
may involve the use of various types of colors}
achromatié (from black through grey to white), singls

egch
chromatic, or combined colors, In XXX casex, the

—/04-
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taree-dimensional efrectiveness and readability of
the denicted relief will vary, )

An achromatic representation may be highly effective
inx a three-dimensional way if shadows vary in tonality
and range from light to very dark. However, in tnis
type of representation, the OVerall~background 1s relatively
dark, and the linear elements and labels suffer from
impaired legibility., For this reason, achromatie
represéntations are rarely used in publisghed maps,

The use of one chromatie tone, such as brown, which
is less intense than black, makes it possible to obtain
a lighter backggound, agaiﬁnt which linear elementé
will be more easily seen. Yet, it will be precisely as
a result of the lesser intensity of tne color used,
causing the absence of deep shadows in areas where they
are nceded, that will deorease substantially the effectiveness
of the shadow representation, IPfurthermore, linear
elements and inscriptions crvering parts of the image
will impair its legibility. The intensification of
shadows required for visual effectiveness will ageln
tead to & dark backrgound, as in the case of an achromatioc
image, t

The situatién is different as regards a shadow
representatlion rendered through various colopr combinationn.‘
The use of several colors allows not only & more effective
three—dimeﬂsional image than can be'obtained n%gh a
mondchroms imege, but at the same time makes it possible

to preserve a light background, against which linear

- /NS5
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elements and inscriptiona will be read much more
ea3ily than on & monochrome shadow representation.

The color variations used in a three-dimensional
image are not determined acci@entally. They oonform
to the laws of color variation in objests observed
under natural conditions.

The apparent colors of objects around us change
in accordance with their distance from us. For
example, at close range, the color of'a forest appears
as a combinatlon of various shades of green. As
distance is increasdd, the green hues of the' bo:d. 54
ferest are seen through atmospheric haze,x and acquire
e light bluish or bluish purple quality. This
phenomenon, called aerial perspcctive, is rogular
and ordered in nature, The farther objects are
situated, the more they are screensd by a bluiah
haze,

People obaerve color variation mxsuex in the course
of their daily activities, The regularity and constancy
of this phenomenon are such as to cause an assoeistion
between the distance of objects mnd variations in
their polor. As a regult, color hues Imxkhmmumiwmz
containing varying admixtures of the hue of atmﬁspheric
haze, are in %hemselves perceived as removed to varying
degrees from the observer, This peculiarity of ‘
colorxr perceptionvis used extensively by painters
In their works to convey distance in landscapes,

Such 1s the importance of these color combinationsy

that 1f a msmkindgx painéing falls to reflect the
-~ /o =
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presence of atmospheric haze, distance is not perseived
b& §he viewer.

— The principles of aerial perspective are alszo
uséd in cartography, as alds in conveying depth in the
representation of relief.

- The color combinetions muxdd used in representing
spaée and mass are derived from color variations oceuring
under natural conditions as light rays travel through
the atmosphere., The imitatitn of these conditlons
‘allows the creation of an imsge which is three-dimensionally
aff;ctive, and the conveying of space and solld forms
in that image.

28. How 1ight ia affected by the atmosphere.

As we know from atmospheric optics, light particles
(both direct and reflected) are subject to scattering
as they pass through the atmosphere. Most Important,
gsca tering,in additional to having an overall effect,
i8 also selective in nature, and affects differently
radiation of differing wave-lsngths.

The state of the atmosphere may vary. The atmosphere
mAy contain only air particles, but this is ralafively
rare. Usually, the atmosphere contains larger particles
of:water, dust ,=and smoke, sometlimes in conalderable

numbers,

The nature of the scatbtering of light by minute

atmosphsric particles has been studled by the British
physioist G. Ralelgh, who found that the intenalty of
the scattering of radiation by elements In the atmosphsre

whose dimensions were!cons&ierably smaller than the

~ /o7 -
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wave-length of light is inversely proportional to

the wa€e~length to the fourth.power. Thus, the
short-wave radiation in the spectrum (the blue-violet
portion) is scattered more intensively than long-
;::: radiation (the red-ormmge portion). For this
reason, & beam of scattered light contains many mors
blue-violet rays than orange-red ones.

Particles of larger size (1 micron and above)
acatterm’® all light equally, without modifying the
spectrum of white solor light. This explains the
white color of clouds, and the greyish-white color
of a cloudy sky. Penetrating among atmospheriec
gases, large particles Increase the turbldity of
the atmosphere, and add white to the blue color of
the sky. iﬁl whitish color is observable in the air
near the horizon, where the dust, water and smoke
contents of the atmosphere are particularly high,
Thus, an intense blue color of the sky is an indication
of the purity and transparency of the air,

The transparency of the atmosphers may vary
within broad limits, depending on the atmospherie
particles and, in particularly, the larger particles
pressnt within 1t, As the distance between an object
and the observer is increased‘and the transparency
of the atmosphere is decreased, theigﬁéﬁgtgga%hg
object tends to approach that of the sky as 1t moves

away, In the end, the object sannot 55 discernsd

and becomes invisible against the background of the

= —/ef-
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sky. The causes of the deorease in the object's
brightness are the scattering and weakening of.
reflected light traveling through the atmosphere.

As a'result of tais phenomenon, some objects bescome
lighter in color as they move away. This hanpens

to xhaxmeime forests. Other objects, such as snow-
cavpea peaks, becowme darker: at close range, mountains
avpeur brighter than when they are observed through

a thick atmospheric layer.

As a result of a complex process of selective
scattering and loss of light, the apparent color of
objects thus clhinges. For example, the rays of the
sun at the horizon near sunrise or sunset imvel
a longer distance through the atmcsphere than they
do in tne middle of the day, and are considerably
affeetd by selective scattering. Most affected is
biue-violet radiatiom; the radiation that remains
visible is mostly red and orange. This exaplains
the characteristiB}BK1885+9TAER the sky at dawn,
Clouds that are ncar the horizon and are illuminated

by the rays of the sun also turn yellow and orange

near the horizon, while remaining white at the zenith,

Atmospheric variations of light 1ie at the
root of ail visible cha ges i the color of objects,
of the sky, the sun, etc. They all derive from the
scattering and absorption of light by atmospheric |
particles, Aerial perénective, as an optical ohenomenon .

involving the variation of the colors of objects, 1s

- fe2g.
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one of the manifestations of the effect of the atmosphere
on light, and one that we witness daily,

29, The application of the principles of serisl perspective

o _the representation of relief.

All varlations in the colors of objects cumsed
by aerial perspective are usually observed by uas in
the horxizontal plane. These variations are the ones
that are most familiar to us. In a cartographie
representation, we likewlse use color veriations
that occur characteristically in & horizontal plane,
despite the fact that our line of sight is vertiecal,

Tax A broad range of color differences betwean
objecte removed at varilous distances is used in painting
and allows for a realistis perception of distance,
However, in the plastic representation of relief,
the full range of color variations cannot be used,

A8 previously stated, the colors of distant objects
tend towabd the color of the sky at the horizon,
becoming whitish, and eventuslly blending with it,
Those color variations that cause objects and their
shadows to become whitish sux dikd discernible with
diffioulty are not used in the representation of relief.
" In a shadow representation of relief, even the
fireas farthest removed from eye must have contrasting
: light and shadow distributioné, and be perceptibls in
all their'details.
Therefore, in the plastic,fepresentat;on of

' relief, the range of color brightness 1s smaller

than among colors observed in nature.

— /16—
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A multicolored shadow image, following the.rules
of aerial berspective, makes 1t possible to convey
the relative elevation of major features of relief,

— of mouhtain echaing and mountainous aress, which ig
" obliterated in a monochrome imags,

Aerial perspestive mXkmwx involves variations
in the color of shadows,

In the lower areas, shadows are veliled in haze

B and consists of violet and blue hues of little intensity.
Separate features having more contfasting shadows
rise out of tnem through a bluish mist.v

Higher featurss of relief assume more definite
outlines, their bluse or violet coloration disappears,
and the color of their shadows becomen greylsh-green,
olive, or brown,

Even higher features exhibit st1ll sharper outlines,
and their shadows are intenss, dark, and at tha same
time warmsr in hue: reddlsh-brown, dark brown, etc.

The varisations emummerated constitute o specifis
example., In practice, the colors of shadows must be
adjusted to those of the objects themselves and, for

~this reason, may assume various huqs. However, ths.
“overall effect of aerial perspective is to\cause ths
-shadows of distant objects to approximats, regardless
;f their own,color,‘greyiSh-blue, greyish-green and
¥iolet hues.
- This range of color variation retains its

»applicability to objects removed both horizontally

and verticelly, when viewed from above,

—// -
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Variations in the color of shadows observed 1nl
_nature are reflected in the representation of shadows
“ im depicting relief.
In conjunction with the background (gypsometric)
colors used in the rerresentation of relief, shadow

colors may vary from black, dark red, dark brown,

dark gree and reddish brown for higher relief features

through brown, olive, grey, greyish-green for léuer

Teatures, to waik blue, light blue and violet shades

-for low ard depressed portions of the relief s that

are the ﬂa.rthesf, removed from the eye of the hypothetical
. obgerver,

Cclor varietions are not only used specifically
for shadows. Of great importance in achieving a
Plastic effect is the color background provided for
the map, on which one shade grades into another in
&n orderly color scale, Most frequently, colors
vary in relation to altitude. A color background,
in combinstion with a shadow pattern, aida the
achlevement of a plastic effect and & visuglly
af;?ective renderin'g of relative elevation,

30s _The plastic properties of color,

"Every visible chromatic color is defined in
terzms of “three properties: hue, intensity, ‘and
brightness.- A1l color variations are due to the
variation of one, tvg or all three of these properties

Variations in the color of objects that are removed

— /12 -
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in distance also involve variations in color
properties. The study of the laws of variation

of eaoh of these properties allows thelr use
in‘preparing a multicolored plastic representation,

Hue 1s taken %o mean that mxmixafxmuakes component
of a color whose perbeption allowa us to clgssifly
what we see by analogy to a particular segment of
the spectrum or to the purple colers. Color
distinctions designated as red, green, purpls, are
distinctions of hue.

The efBect of atmospheric haze is to cause
the hue of the object receding in distanse te becoms
mixed with blue, Optical mixtures of the moat wvaried
colors with blue results in a complex range o
shaées whieh have, in varying degrees, the property
of appearing oclose or distant from the eye. Thiam '
property may be understood as follows.

The colors of the visible portion of the solar
portion, completed by the addition of purple, whicsh
is lecking among them, may be arranged in a circle.
In essence, this circle contains all viaible qhnzﬁph3NQFL
chromatlic colors. -

Within this circle of colors, we may roughly
diaﬁinguish two groups of colors, differing in
their propertiss, The hues of one of these groups
are generally called warm, through their assoclatlon
with the color of fire, incaﬁde;cenﬁ metal and solax

light, The hues of the other group are called cool

-//3 -
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because of their similarity to the color of ice, snow
in the shade, water, «nd cold metal. Warm colors

are classed as akljent, while cool colors_sre receding.

Orange-red hues are considered to b; the most
salient, while various shades of blue are the most
receding. Green colors are considered more salient
tgan blue cnes, but less so than' yellow ard
oranges. Purples stend out more than blues and violets
but leas than reds.

The intensity of a color is dafi;‘-ed a8 the degree
-40 which a chrometic color differs from an achromatic
~one at equal brightness. The more white, grey

or black a color contains, the lessc intense it is.

The less white, grey orjlack it contains, and the

more particular hue is discernible within it,

the more intense it. Intensity ddscribes the purity

of a color, i.c. the sbsence of an achromatic coxponent

within it (Fig. 25, c)

“ The colors of distant objects lose their internsity as 2 result
’o_f atmospheric haze, and bacome less pure and less

rgéticeable as colors. These changes determine the

effect of intensity on the salience or recegsion of

a Golor. At equal brightmess, an intenge color stands

out, while a color of low intensity recedes. The
more pure & color, the closer it appears.

Observations show that salience incresses most

__with intensity in the warm colorss yellow, orange

- and red. However, in the cool cclors as well (1ight

. — /Y-
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blue, blue, blue-preen) intensiiy affects the salience:
of a color on a tackground of lesser intensity.
The combined variation of hue and inteénsity affects the
spatial properties of colors to a much greater degree than
hie variation of either ccmponent separately. For exzmple,
intense coloration in orange or red hues stands out against
a bluish, geeem or blue-violet background of low intensity.
Brightness defines the intensity of a 1light beam
reflected cr emitted by a yiven body.
An exam le of variation<jn brightness may be seen
in an ackoomatic series consisting of shades ranglng
from white through light grey, ;rey, and dark grey
to black. (Fig. 25a).
A chromastic series of varying briphtness may te
obtained in practice b gradually overlaying this
series, from one end to the other, with some color,
or else superimposing a series of shades of grey over a
monochrome colored surface (Fig 25b). In both cases, color
intenkkty varies along w’th brightness,
Depressions, into which relatively 13ttle 2ight
renetrates, appear darker than protruding features.
The deeper and narrower a depression, the darker it
aprcars. The causes of‘the weakening of illumination
in depressions are the reflecticn anc abso&ption of
1igkt. The regularity with which 1ight weskens within

depressions is responsible for the fa.l .oL.t dark colors,

— /15
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obtained through the admixture of achromatic tones,
"~ appear recéding, while light colors appear aslient,

- The property that colors have of appearing
_salient or receding xXxx,2lso known under the name

_ of ochrometic stereoscopy, has been studied by color
= gclentists and physiologiaté.

The physic:ogical nature of this phenomenon

- been
§§7cogﬁected with the ecoentricity of the pupil.

Other investigators have suggested that the refraction
_of light rays by the refracting layers of the eye

~ lies at the basis of the phenomenon, Blue radlstion
is refracted to a greater degree than red. Othex
radiations within ths spectrum vary between tha two
extremes in proportion to their proximity to blue
and red.

In most people, the central depression of the
retina is situated to the brow side of the point at
vialoh the optical axis passes through the retina.

A beam of white light forms s short ‘spectrim on the
retina, and its blue range is ocloseat te theo optiocal
axise Afximmxdmmmxiiexs The foous of short wave-~
g lengths i3 eloser to the nasal gide than that of
. long wave lengths, A4S & result or‘thiﬁ distributien
of focel poimta 4in both oyes, blue rays, 1f extrapolated
_ forward into the field of visd on, vwill oonVefge
further away than red rayse Thersfore, blue rays
will appear to emanate from a more distgnt objeot

than red raya.

- /16~
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However, the properties of salience andrecession
are by no means unsquivocally axxifxxiuk or convineingly
manifested in all cames, A well-known experiment

"4n this connsction is that of G. Helmholtz, who
tested the relation between the apparent diatance of
objects and the extent of accomodation, i.e. the
adjustment of the refrasting surfaces of the eye to
ole ar vision at varying ranges., By observing ﬁw&
slits filled, respectively, with red and green glassag,
through & tube whose interlor was cogted with blaek,
this investigator expected the red slit to appear
¢closer than the blue one, since red rays are X2 rracted
to & lessger degree than blue ones and required
greater accomodation. He managed to receive thls
impréssion on several occasgions, but only wlth some
difficulty, When the red slit was widened, however,
the 1llusion occured more frequently, since the lIncrease
in size of the object bescame an additional fastor
causing it to appear at closer range.

Tests capried out by the Institute of Psychology
of Moscow University lead to the conclusion that warm
hues are not always percelved as sal tent in relation
to cool énes. In these testa, the spatial positiom
of éVery golor was scaled in relation to red, Vhen
6bserving red and blue simultaneously, many people
perceive blue, not red, as closer. Other people
é&tern&to in perceiving red and blue as closer,

while some experience no illusion at all of any kind,

- ,/;:,?w
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72% perceived red as being oloser than blue, 28%

do not experience this illusion, while 11% perceive

blue as closer than red, At the same time, 77%

perceive red as cleser than yellow, while 57% Bee
red as closexr than green. If asaume‘that these
percentages express the denrse of removal of each
oolor from red, then colors may be arranged in
order of thelr recession as follows: red, Rreen,
blue, and yellow, This is not the order of the
spectrum, which is red, yellow, gresn, blue, which
might be expected to hold true if we accept the
theory of the asecomodation of the eye to various
hues of the spectrum,

In studies of chromatie depth persaption,
Hartridge (UBA) has come to the conclwaion that
red is salient,; blue 18 reseding, while ether
other hues of the speetrum occupy positiona between
the two depending on thelr wave-length. However,
this rule would apply mainly to colors seen against
a black baskground, When a color scele is plased
agailnst a whitelk background, ochromatie dspth
perceptlon departs from these rules. The reason
ip seen as the following. A red hue on a white
background reflects red, orange, and mxmpmrkin
soms.yellow rays, A white baokground refleots
rays of all hues, The difference between them

conalstas in the fact that red does not reflect
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green, blus-green, blue and violet rays, which ara
reflected by the whito baskground. Thus, the eye
is stimuilated mrrkky both by the uniform expanse
of red and, in addition, by blue-groen radiation,
and both contribute to depth porception,

The relative ntersoscopie offestsy of various
colors ag determined by Hartrlidge afo given in Table 1,

Table 1
Huo

Lpparent position on blaek background on white baokground

Clozent rod blue~gresn
Cleso orangs indige

Fot very cloge yellew blue '
Median poszition graon purple

Not very far blus~grsen red

Far ' blue yellow

Farthost violset . yellow-green

Az may be seen from the table, the huos in the
sooond and third ool‘anns{ are complementaries,

In addition; Hertridge believas that most people
with normal chromatic depth percoption find that a
black outline eppserg ¢loser sgaingt a red baskground
than a whlte outline and that, sonversely, a whits
outline is mode salient against & blus=green baokgrouna
than a black outlins, Tho reason would lle in the '
faet thet ltho storsosscple effect of a blask outline
is determined by the eolor rad, while tho offeat ‘of

—1/9-
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a white outline depends on the blue-green,

Closely connected to the problem of the sallienes
and recession of hues is that of the apparent variations
ofecolors as they are moved away or as the angle of
vision is deoreased when colored surfaxes or objectu
ars being viewed.

In color perteption teats undsrteken by the State
Institute of the Brain Imeni V.M, Bekhterey and the
Color Laboratory of the All-Unlon Academy of Arts,
evidence has been gathered to indicate that variatvions
in hus with dfstanoe depends both on the zmewwmsiwmix
bakkground and én the engle at which the color is
perceived, .

A law of oritical points has bsen formulated,
which serves to describe color varfations as funcilons
of range snd angle of wight,

Certain colors, located not far from eash other
in the c¢ircle of hues, have 2 tendency to move toward
one another in hue when viewed from a distance, Ths
points toward whioh these colors move have been
called "positive critical points", There are two
of these, Onec iz situated betwsen the purﬁle and
red hues, the other, betwesn green and blue, For other
colors of the circle of colors, however, diwergence
in hue increasses with distance, The points from
which these colors move away have been oanlleﬁ "negative
critical points". One of them is situated between

the yellow and yellow-green hues, the other - batween

-/ 20 -
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‘blue and violet.

A vhite background has the effect ofxmexiwg
shifting the color perceived toward one of the positive’
critical points and away from one of the negative
oritical points,

As the angle of sight fwxdwwrmumwi at whieh
colored surfaces are viewed is desreased, eoloxr
perception variex as 1t would with distances An
orange hue against a white background becomss redder,

wnlle a green one bssomss bluer, Eventually, ths

surfades of objeots lose thelr color and are perceived

as aehrometic, Thus, for example, the apparent
coloration of ground objects tends toward the
achromatic when viewed from an airplsane.

In sumsarizing the results of research to date,
the following emerges. In nature, objects or surfaces
are interpreted as distant as a result of the combined
effeet of o number of factors: the decrease of the
apparent dlmenslions of objects, tha obstruction of
one objeoct by another, binocular visiom, lighting
causing variations in the distribution of light and
shadow, and, finally, apﬁarent cha ges in the coloxation
of objects, The role of color varlation among other
factors l1a appsrently not clear cut or equal for all
observers, Ia turn, the saliment or receding effect
of a given color results from such factors &s color
coﬁbinntion, background, abgle of sight, the dimensions

of colored objects, and so forth. The relative

2./
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importance of eash of these in determining sallence

or recession,ximAgimgx fromxmxmwedmanty has not yet
been definitely determined, and requires further
study., Color combinétiona apparently do arffest
‘relative prominence of recession but, it would seem,
judging from experiments, that they are most operative
in combination with other factors, such as the distribution
of light and shade., This receives support in the

use of various color combinations for representing
relief on ﬁabs, which 1a most effectiva when ocolenw
and shadow techniques are combined,

Any color property taken separately does not
convineingly convey apparent salience or recessaion.
This 1s to be expected, since, in nature, the
obgervation of objects at various disteneces involves
overall 'solor variation, not variations in individual
components of eolor, Ssalience or recesslion comss
through most effeotively through the combinsd effect
of all properties of color, )

The plastic properties of separate color components
counteract one another in & number of cases and this
must be allowéd for in an ove?all evaluation of spatial
effect, As an example, we may use the opposite
Exmdsnetwn plastic effects of brightness and intensity,
In setting up a monoch#iome chromatic series of varying
value by means'of the graded application of color
layers, we cause simultaneous variaﬁions‘in both

brightness and intensity, which vary in opvosite

AT
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directions one from the other, Xfxmm Eeey;ﬁgg;ind

that 1light colora are salient, while dark colors
rhcede, we will expect to find that color salience
1n9reasea with brightnsss, On the other hand, since
intense colors are more prominent than colorsm of
low intensity, color prominence will also increase
with intensity, As a result, a color serles will
not panifest any slear-cut xmmixiimm trend in the
variation of the plastic properties if its segments.

In mep-making, 1t iz advisable to use a combination
of colors that, upon the analysis of its ocomponent
color series, will preserve an overall trend in the
degree to which the plastic proper$ies of color are
put to use.

We may use, for example, a series in which one
extreme 1s color that i1t both relatively intense and
relatively bright., The other end of the scale should
then be of conaiderably lesser intensity, while
remaining relatively bright, so as to avoid the craation
of a dark background, Other varlants are also posaible,

Generally speaking, effects of sallence and

" rhoession must.be considered undependable and variable,

However, there are no real grounds mak qu denying
altogether the plastic effects of color. We nsed only
to refer to painting, in which artists make extenalve

—use of the plastic properties of color in combin&tion
with chiarosouro, and acheive éonv*noing and effective

" three-dimensional quality, borrowed from nature itself,

~/23-
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In nature, all lirhted objects have both 11luminated
and shaded surfaces, Combined with coloration, vwhich
varies with distarce, light ard shadow serves to
convey effectively the mass of objects,

To clarify the problem of the role o be played
by color 'in the plastie representation of relief, it is
necessary to study further the rerception of salience
and recession in colors and their application to
the plastic representation of relief.

31. The nature of color varlation in hypscmetric Bcales.

In rendering relief in color, the principle most
frequently usdd is that of bypisometric coloretion N
v.ich cengicts in cclerirg the irtorvals between
contour lines in shades related in sams coersistent
wa; to those used in coloring adjoining intervals.
A1l colored intervals taken together are said to
constitute a hypsometric scale of relief coloration,

1n a number of cases, hypsometric ccleration may
be used as an indepeadent means of conveying relief,
The color shades in a hypsometric scale used
independently of other means of reprosenting relief
may attein considerable intensity, In this form,
hypsometric coloration may improve the readability
of relief to a considerable degz'ee; Various shades
of color may allow the arbitrary contrasting of
low-lying areas, moun‘taim » mountain ranges and
large mountain formations, which is not ‘possible

through the use of contour alone,

- J24-
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However, representations of relief through
ynsometile coloration alone do not have & three-
dimensional guality aad do not have the vis al erfectiveness
that allows tue percevtion of rclief forms as solld bodies,
Nevertheless, the color combinations of a hypsometric
scale nmay serve to reinforce the plastic effect of
a pelief image cresated by using other means of gastic
renresentation; such as xmwwt tinting. -

In.modern map-making, hynsomelric coloration 1s
frequenily used in conjunctidn with tinting, Rmkwgxumed
as a colér backgeound on which shadow effects are super-
imnosed. e color backraround is them used to convey
i .wsinated and Xsemi-illuminated surfaces of rel ief
white features, while tinting is used to accentuate
surfaces in half- and full shadow., This makes 1t
necessary to adjust hypsometric coloration to the
shadow image in hue, intensity and brightness. Parcticularly
imorvant 1s the adjustment of brightness, since it
is essential to gllow shadows to contrast with the
zxime background of hypsometriec coloration,

The nature of-color varlation within the scale
may vary. GColors, £or example, may vary in such a
manner that ocach is radically ditfermsht from 1ts
neighbors and every color in the scale.

If sharply contrasting colors are used, the

entirs colored surface appears cut up into parts or

layers,. corresvonding the varicolored intervals of

slevation, In such a case, colorati n cannot serve

—~ /252
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as a background contributing to the plastic effect of
the represerizt.on along with a shaow patiern.

The “opposite, however, may be done, and the
scale may consist of continuously grading colorse.

A g;adually varying color geries, formed of
related colors, is essential in acheiving depth in
conjunction with a shadow pattern.

Modern cartographic practice tends increasingly
to avoid the use of chromatically heterogenous
scale, and to make use of scales bn wihich tints are
linked by relatively gradual transitions.

The followin% formulas are most frequently-aded
in designing hypsometric scgless

a) the higher the elevation, she dmrker the color;
b) the higher the elevation, the lighter the colors;
¢) the preservation of constant brightness.

A3 a rule, any scale used in the hypsometric tinting of
relpef involves changes in 211 color components. Of paramount
importance, however; are variations in brightness, and is they
that are involved in the three formulas listed above.

32 Hyp;ometric coloration on the prlnciple of "the -

bigher the elevation, the darker the color",

In_a scale built on this principle, the colors

of elevation intervals hecome more accentuated as

alevation increases.

A scale of this type is usually based on some
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set of color cousbinations in which brown shades
predominatem Modern meps using this type of scale
shov the lowermost elevations (0-200, 200-500 m)
in green, which becomes lighter as elevation is
increased, whils higher intervals, rendered in
co.binations of orange, brown, red and red-brovm
tints, become darker as elevation incrcases,

A scale which bscomes darker with increaged
elevation is often used in modern maps, One.ig
u‘ea in the maps of the Large Soviet Ktlas ot the
World, nublished in 1937-1939, as well as in the
Hypsometric Map of the European USSR on a scale of
13 1,500,000, punlished in 1941, ahd many other
fundamental cartographic works,

A progressively darkening color scale may also
be used on maps which make use of shadows in rendering
relief,

In cowbination with the tinting in of shadews,
the dark background created by the ecoloration of the
nigher intervals does not permit the reading of
snadows and the achievewent of & plastic effect,

‘ Hoerev some maps make use of a modified
darkening scale. Mo sharp contrast exists betﬁeen
the various gradations, and this permita the
preservation of relatively light shades.even in
the higher intervals, and these can then blend ang
conirast, to a sufficient dezree, with the shadow

pettern, Low-lying arees are colored in 5°f§a:

~ /27
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greens of low intensity, while intermediate elevations
are rendered in yellow and high mountains are orange-
brown; Such coloration allows the easy recognition
of basic elevational zones on the basis of color

(Fig. 26).

33, Hypsometric coloration on the principle "the

higher the elevation, the lighte#r the color".

A scale based on this principle is distinctive
in that colors become less aceentuated with Xm elevation
(Fig. 27). The hue of the color scale also Qndergoes
variation. The lower elevations are green, whish
grade into olive &as elevation increases, then becoming
spowmnikx brownish, pink and, eventually, orange or
yellow-orangse. Intensity is also made to vary.

Scales of this type havelmma besn used in physio-
grarhic maps published in 1938 in accordance with a
decree of the govermment of the USSR, A similar scale
is used in the map of Switzerland at 1:500,000
made by E. Imhof. A scale of increasing lightness
provides a color background on which shadows appear
clearly, particularly at high elevatlons, contrasting
with illuminated surfaces and thereby xrrEikng
satisfying the main requirement for plastid effectivenssse.

The use of a scale of increasing lightness without

the simultaneous use of a shadow pattern is not very

effective,
A scale of increasing lightness may convey aerial

perspective, providing color intensity is higher at

—/ 28~
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higher elevations, This condition is very important

agé, at the same time, hard to realize. T. have color
intensity lower at lower elevations than at higher
ones, which are already characterized by
un-accented, light colors .© low intensity, it is
A;ceSSary to ade a depp achromatic color to that
oftthe lower intervals, and thus to bring it close to
dark greys 1f this is done, low-lying areas, which
géually constitute the greater part of a map, will
arpear as a dark background against which other elements
on the map will 1osevtheir readability.
_ To reserve, within a scale of increasing
lightness, a relabively 1light coloration for lower
intervals, the darkest coloration may be given to
intervals of intermediate elevation, whence colors
may be made to become 1ighter both upward and dowrmard.
The necessity arises to provide an intence
color for higher elevation intervals, and a relatively
_light color for the lower ones. In practice, this
leads to the equalization of brightness throughout
_‘the scale or its variation within only narTow limits.
The results of this may be the creation of a
;;cale of even brightness or of slightly vary;né

brightness. Scales of this type are used in map-making.

.3, Hypsometric colorztion on the principle of

~ven brightness.

3 scale in w ir i nimess cheze o 1itLia or
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1s kept constant makecs 1t vossible to apply the
princlple of aerial perspective, combine a colored
" background with a shadow pattern , and acheive,
therefore, a plastically effective representation.
Usually, in a scale of thls typs, brightness as well
as hue and intensity, 1z subject %to some variation,
but it is not as marked as in either of the preceding
types, On the one hand, mountain summits do not appear
whitish, as they do in a scales of incréasiné lightness,
while, on the other, thoy are ﬂot ay dark as in ths
scale of increasing darknesa, This type of scale
has been used nost widely in recent years, in particular
on soime meps puolished fbr xirg institutions of higher
learning. At the same time, a numver of shorteomings
are evident in these maps: color rmmbiwxkiewax
couabinations are worked out Ilneffectually, and the
quality of the shadow pattern, as printed, is poor,
causing much loss of depth in theimage,
In working out a color scale, it 1s imperative
to make an allowance for aerisl perspective, and this
requires the use of ﬁgg;gg of low intensity for low-
lying areas, Such colors must be sutficlently divergent
from the bluish shades used in representing iiluminated
surféces. High mountains should be rendered in colors
which retain their Imw krighikwaxz lightness when they
are made intenses, -so as to dififer ffom the light and
shadow pattern. Such colors inciude yellow, orange,
and‘oranga—red.\ Intermediate elevations should be

colored in shades ra .ging from green through greyishe
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gresn, olive, grey, brown and pink to oranpe, with
a.gradun.l increase of intensity with altitudes.
This type of scale '3 susceptible of
having different color contents. Fig, 39 gives one
example of a map renddred in a scale of constant brightness.

35. The development of plastic color representation

with reference to the physiology of vision,

A mmber of attempts have been made in cartography
to perfect plastic representation with reference
to the physiological aspects of color perception.
Toward the end of the XIXthe centursy, K. Peucker

proposed a hypsometric scale, in whoze color combinations

he eatablished three continua: those of light power, color
)

fullness (intensity) and that of the spectrum.

The continuum of light power was predicated on the
principle tMthe lighter the color, the closer it appears
to the eye", and finds its justification in the fact
that, invviewing dark colors, as in viewing distant
surfaces, the pupil widens while, in viewing light
colors and close surfaces, the pupil contracts, The
eye responds to that wh;ch is light im color in the
same manner as to that which is close, and to that
vhich dark in the same manner as to that which is

‘_ distant. The principle of the light power continuum
parallels that of "the higher the elevation, the

lighter the color®.

’
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The continuum of color fullness (1n§enuity) was

designed on the principle "the fuller (more intense)

%he color, the cioser it appears to the eie", and is
_ “intedded to allow for the effect of serial perspective,
which comes into play when viewinv a landscape. A
decrease in color fullness occurs as & result of the

- increase in the thickness of air layer between the

oye and the object. ‘The air acts as & %lulsh-white
‘veil of increasing opacity.

The continuum of the gpectrum 1s made to include
colors in tne order In which they occur in the(solar
spectrum. The basis for such an ordering of colors
lies in the physiologic characteristics of the visual
perception of the spectral continuum.

Red is perceived as being in the foreground, while
other colors (orange; yellow, sreen and violet) are
seen as receding further away in the order of thelr
occurencs Rn the spectrum.

By combining these continua, X. peucker designed
a scale for the hypsometric tinting of relief, to be

“. used totally or in part. The scale conalsted of 15
color gradations, and ymax was termed the "speotral-
adaptive" scale. The upper range af fs a dark red’
(cinnabar) coloT, vhile the lowernost gradation is
grey with & faint admixture of blue. . Intervening
divisions are colored greylsh-green, green, yellow,
yellow-orangse, o.-anpe,; and orange~rcde Intensity

increases with elevation.

- /134~
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A weak point in K. Poucker's scale 1s its
aeparture from bealistic color combingtions such
as occur in nature, where we observe variously
colored objects under conditions of i1llumination
ana distinguish shaded (darker) and illuminated
(lighter) surfaces. In the scale he designed,
K. Peucker placed his major emphasis on the plastic
properties of color, asswiing, for example, that
the principle of "the higher the elevation, the
fuller the color" (i.e. the principle of unlimited
intensification of color) would ensure a plastic
effect. The higher intervals of elevation, colored
in dark, intensex reds, contrast well enough with
the background created by the other lighter colors.
However, the result is not the definition of salient
features of rellef, but merely the aefinition of
dark, intenss ccler areas on a lighter background,
The tinting-in of relief on examples executed by
him 1s done in weak grey mgx shades, and can be
read only in the lighter arcas of the hypsometrie
scale. In the higher hypsometric intervala, colored
red, where a plastic effect 1s particularly to bs
desired, shadows are not visible, X. Peucker
neglected the ocolor relations of illuminated and

snaded surfaces and, as a consequence, the scale he

desifned fgiled to create a plastic effect. ‘It is

purely conventional in nature, like most socales of

increasing darkness, Wmmm XK. Peucker's scale was

— /33~
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never used in eases when a plastic rendition of relief
was required.

At aporoximately the same time as K. Peucker,
but independently of him, the Swlss cartoéraphic
'artist G. Kﬂmmer%, also came to certain conclusions
regarding the salience and recesaion of colors.
Taxing part in a competition to produce a map of

Switzerland at 1: 200,000, which was published in

1902, G. Kﬁmmer%f,applipd these conclusions in

that particular map, By studying color combinations
in natﬁre, observing color changes during sunrise
and sunset, and recording cortain effects through
painting in his "mountain color studio”, he did not
confine his erforts to the plastic properties of color,
but used these in combination with the plastie
properties of shadow patterns, and incorporated both
in representing relief.

The salience of warm colcers and the recession
of cool ones, the contrasts created by light and
shadow, and the principle of aerial perspective were
the principal means which allowed him to represent
relief through painting. Though Ktmmerlg did not
RIET:S > e hypsometfic coloration in the previously
mentioned map, the overall varlation of the colors
in 1t, particalarly in Xigx i:luminated portions,
are consistent with changes in elevation, going from
cool eolors of low intensity (grey-green) in low areas

to intense warm colors (orange) in high reglons.
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The previ usly mentioned map of Switzerland is still
~used in schools both In Switzerland and outside .of it.
Note must also be made of Freitag!s scale, which
has been in use for many years in the liypsometrics
coloriﬁg of rellef in combination with tinting and
hachuring, The scale h»erging with green colors of low
intensity in its lower ranges, and passes through yellow
to orange and intense orange for the higher intervals,
As a whole, the scale is designed on the principle
"the higher the elevation, the darker the color", but
the darkening 1s moderate, even in the highest intervals.
The mEEix entire scale remains'relatively light and
1t best classified, perhaps, as a scale of only slight
variation in brightness., In combination with éhadow
patterning, the scale makes 1t possible to mffmmk
acheive considerable plastic effectiveness in rep;esenting
relief,
In map-making, an anplicable principle is that
of reproducing natural coloration as it occurs in nature
(colors of the plant and soll cover, colors of outcrops
_ on the earth's surfacs)}, of combinimg the effect of
- hage with the actual colors of objects and aﬁ»duﬁTTEEttqg
light ut{ natural lighting conditions
{light from the sun and light from the blue sky, falling
““on the surfaces of objects on a sunny day), both of which
modify natural colors to a considerable degree and affect
the plastic qualities of an image of relief.

* fwinxm This principle hes repeatedly been the basis,

- /35 -
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.in Russian cartography, of expressive renditions of
retief,

One of the earliest examples of the use of natural
.colora 4in conjunction with realistic conditions of
illumination *uxkhx are the hand-drafted maps of
‘the S:iss Campaign of 1799.

Among contemporary Soviet cartographers, a spscial

Skvortsov
place belongs to P.A., Skmxmxksmyy who has been working
on the plastic properties of colors and the‘r application
in cartography.

The researches of P.A. Skvortsov to date hmwm are
already reflected in a number of manuscript maps, in

which a realistic deplction of landscape features occurs

tozetirer with plastic relierf wepresentation® These

# Among them we might mention the following color
originals: Caucasus on a scale of 11 500, 000; Africe,
at 1: 6,000,000; South America at 1: 6,000,000, Abkhazia
at 1: 200,000 and others.

works are particularly explicit in making use of

the effect of aorial psrspsctive along with light and
shadow distribution, Most remarkable, in these maps,
:howeyer, is the harmonious combination of color and
.shadow plastic effects, which are perfectly blended.

The work of P.A. Slkwortsov is not merely a series

of practical experiments. On the contrary, it embodies

years of painstaxing research both corcerning the color

- /36 -
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scale to be used in cartographic rep%gsentation, and
investigations of the psychophyslological aspects of
vision and the phgsical properties of color. Thg
researches of P,A, Sk¥Wortsov, which constitute a
fundemental contribution, remain to be published and,

it should be expected, will conatitute an fmportant’
advance in the development of the theoretical foundations
of the plastic representation of relief,

Other  cartographic efforts of simllar nature
include G.‘Kﬂmmerli's map of Switzerland on a scals
of 1:200,000, published in 1902, The principle of
aerial perspective 'is also wused in the nmlti-sheet
American map of Alaska at 1:250,000 published in 1952,
where simple means and a limited number of printed
colors succeed in conveying a plastic effect.

In designing a color scheme for the bakckground
of map, allowance should be made for the effect of
each inaividual color in deciding the extent of its
distrivution,

Thus, for example, green 1s very Iimportant iq
a2 hypsometric scale for conveying aerial perspective,
It should be used not merely up to the 200 m contour,
as 1s usually dong on maps, but as hiéh~as the 1000 m
contour and even higher, At the saue time, it is of
course necessary to Qary the shades of green used
in relatiop to the extent of the surfaces on which

tney are to be used, mEkt R X ERamx xR x i ks bledding

them in the direction of olive and brown and varying
s .

their intensity and Brightnesa.
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At higher elevations, greens should be .replaced
with olives, browns, yellow-greys and greys,.

The highest elevations shoudd be rendered in
colors of greater purity, such as pink, orango,a§e low-
orangp , which most effeetively convey the illumination
of relief featurss.

l Ohapter.V
TECHNIQUES AND METHODS OF REPRESENTING RELIEF THROUGH
' SHADOWS

36, Supplies, equipment and techniques for reprssentation.

One ol the most prevaleint techniques in modern
cartography is the tinting iIn of relief. In this
process, deplcted shadows are '"washed" in with a
brush, whence the Russian term for the technique.

Tinting is done with india Ink or water colors.
Originals intended for industrial reproduhtion are
executed in black india ink,

Powdered india ink is ground in a glass container
with a roughened bottom, If pre-ground ink is available,
a porcelaln container with a smooth bottom may be used,

1 and the ink dissolved in water in it.

The basic requirement of india ink ias that, upon
ovalonged arindino
83 hrvosepoicaminn, it yleld an intense black

colommiration, ‘In addition, india ink should not
have a bluish tinge or be absorbed by paper with undue
rapidity, since, in the latter case, mmstmukrhxix
undesirable spots will appear in the finsshed drawing.

The fAry india ink "Red Painter" generally used

—/3f -
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in this type of work has the disadvantage of rapidly
thickening, curdling and forming grains, and then
requiring replacement by a fresh batch, One of the
means of averting premature thickening is carbolic
acid, To ensure the preservation of the ink, it
is enough, when diluting it or grindinmg it, to
add 2 to L drops per container of a 2% solution of
carbolic acid, such as may be purchased in a drugstore,
Cettain types of China ink, which come in the
form of gticks or tablets, are of a better grade than
dried ink of the "Red Painter! kind.
Concentrated "Red Painter" black india imk, of the
kind that is put out in tubes, is quite adequate.
It has the advantage of requiring Yery little time
for its dilution, In diluting this ink, it is
recommended, likewise, to add carbolic acid.
Since certain parts of the drawing will have
" to be rendered in a dark shade, it is advisable to
keep on hand a second container with derker india ink.
Two-ended paint brushes, round in cross section,

are the most convenient for thiating. One end is

used for applying the ink, the other for applying

" Wash. In washing out and re-applying ink it is
necegsary to rotate the brush in one's hand. The
length of the brush should be such that it is
‘convenient to work with either end of the brush

after tmening it‘over without having to change one's

- 139 -
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griv. The average length of this kind of brush is
about 1L to 1o cm,

It 1s a fairly easy matter to prepare such a
brush out of two others. Tne metal clasp holding
in the halrs is taken off the end of one brush, xlkze
b/ s Ing it loose. The handle of the other brush
is then shorten#ed to the desired length of the
projected two-ended brush, and then capped with the
metal clasp and tip of the f{irst brush,

The accurate application of §hadows requires
that the hairs of the brush be soft and at the same .
time relatively resilient, so that the tip of ﬁhe
brush maintainsg its shape in the course of its use,
The hair that best zatisfies this requirement is that
of the red mnarten. Marten brushes, which are dark
yellow in color, are the .1ost suitable for this type
of work. Polecat, sguirrel and other types of hair
aro of lower grade, When wetted, the tilp of the brush
should assume the shape cf a cone and have a pointed
end,

The size of the brushes used in t;nting wikll depend
on the dimensions of the relief features deplcted and
the scale of the map; However, of all the sizes. with
which it 1s possible to execute a given design! it is
important to choose the largest, since_xhix it will
ensure economic performance and, tozx a degree, prevent
the superfluous particularization of the image., MNost

frequently used are Nos. l, o, 8 and 10. In preparing

m//’jc;} -
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a two-ended brush, it is recommedded to join tvo’
different siieu, for exampls, & No. 6 for ink, and
a No. 8 for water.

The paper on which the drawing is done muat
be evenly sized, have an uniform white color throughout
its surface, and not turn yéllow from exposure to light,

If the paver 1s not adequately sized, ink 1s
absorbed very rapidly, cannot be washed over, and
forms spots.

Inequalities in the color of the paper prevent
& correct visual appreciation of the shadow pattern
and, when photographed, may cause blotches on the
photograph and even make it necessary to redo the
original completely.

Hand-screened Goznak drafting paper, which is
the most frequently used, is quite sultable for tinting,
but sheets occasionally occur that are inadequately
slzed or that have a yellowlsh stain, Before beginning
'xxnk work, 1t 1s necessary, therefore, to examinse
the sheet selected, comparing it with other samples,
to wetermine whether it 1s suitably white and whether
ink can Se properly washed over on its surface, A
prior examination and checking of the.paper is most
essential if it is to bear representations of contmour
lines in blue and other map elements.

Before beginning work, the paper should be
cleaned with & cotton wad socaked in water with a

v

slight admixture of ammonia, to eliminate from its.

-/ Y/ -

Declassified in Part - Sanitized Copy Approved for Release 2013/01/24 : CIA-RDP81-01043R001600120005-2



Declassified in Part - Sanitized Copy Approved for Release 2013/01/24 : CIA-RDP81-01043R001600120005-2

surface all dust and other particles, as well as
traces of oll and grease. This must be done very.
carefully, so as not to dieturb the arrangement of
the fibres on the surface of the paper or impkir
the sizing.

For mmaxmimeconvenlence in working and the
preservation of the drawing, the paper should be.
seoured to a drawing board or a blind frame with
drafting tacks or paper tape. Upon drying, the
paper 1s mgwexiwnmi stretched and remalns mounted
until work is completed, W#hen tape ls used for
mounting the paper, it should be coated with glue |
(mucilage or all-purpose glue “"Slon") and then applied
along the edges of the pheet of paper, do &as to
adhere simultaneously to the paper and jhe board.

In exsouting originals for indpstrial reproduction,
which hate been mounted on a firm backing, the
paper does not need to be fastened down, though
it is i essential that bse cleaned with water.

The draftsmen proceeds %o exeoute his projest
once the paper has dbied out.

During his work, the drawing’Board or freams
should be placed-on a table in inclined position,

The 1light must come from the left. On the right-hand

side of the table are placed containers.with india.

ink, a glass of water, a sheet of blotting paper,

an eraser, a psncil and a brush. The cartogfrephic

ot materials and written sources used in the course

—~/42 -~
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o—i—‘ the work should be placed at the left of the
d;aftsman. As thrxe work proceeds, the completed
.drawing ia covered with paper, the parts where
washixg is applied being llkewise covered, A nleces
of paper 1s also placed under the right hand, to
prevent the drawing from becoming solled or stained.
" T begin tinting, the draftsman dips both ends
Idf his brush in water, then dipa one in ink, wipes
off the excess of ink on ‘the blotting paper by drawing
. the brush across i1t, applies the ink where A&t ias
needed on the paper and,. if necessary, washes over
the shadow thus applied with the other end of the
brush, having turned thlk brush over in his hand.
If, for example, & relief feature is sharply defined
on one side, while being gently warped on the other,
the shadow is made to stop abruptly at the former,
while being washed over on the side of the warping.
Certain shadows are not washed over after
application, In this ease, tinting 1s effected by
using only one end of the brusgh.

In the course of his work, the draf?sman uges

Ablotting paper to dry one or the other end of his

brush and reestablishes its pointed outline, It is
. xxixx not a good idea fto put the brush inmx one's
mouth, particularly if the diluted india ink contaeins
Acarbolic acld.
The shading in of Lelief is infrequently used

et the present time, though 1t may be used aucceasfully

— /b3
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innplace of tinting, as a number of éxamples from
different times and places shdw, and 1s memy less
éxpensive of time than tinting, The use of photography
in reproduction makes 1t possible to #ER'¥nading, 11ke
tinting, on white paper and then to photograph the
resulting original, Very minute features are diffioult
to draw in by means or shading, but at scaleg of -

1: 2000,000 and'above, shading is capable of rendering
all required features, Bhading is also qulte adequate
for school maps at smaller scales, includinglleDOO,OOO=

For shading, intended for photographic reproductien,
&he items required are white paper with a smooth surface,
a black shading peneil, a felt-tipped or soft paper
stump, and a sort eraser,

In shading, shadows are applied in pencil, then
§}ﬁ§a§ ﬁgﬁg%ggigag%%%th trgnsitions between light ang
shade, Sharp shadows are not rubbed. Detalls are
entered witnin the shadows also without rubbing. 1In
shading, it is even more essential than in tinting
to place a sheet of paper under the hand so as not
to soil the drawing,

In tinting or shading, it is customary first
to apply weak shadows, whiéh are then made more
intense where neﬁessary. In Superimposing these
shadows, a snading pencil may be used again, or the
exlsting shading may be iﬁtensified with an ordinary
pencil;

A shadow pattern may also be obtained by use

=y
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of mkmimktam hachuring. dne of the merits of hachuring
1s the relatively simply technique involved, which
ailow the photographing and rmmragwzrimmx preparation
of printing dies without using a grqh‘ns .

A hachured drawing may be executed according to
several different princinles, For exanple, maps of
the XIXth and beginning of the XXth centuries made use
of hachures of definite thickness, oriente@ in the
direction of the watershed. This method raéuires the
careful drafting of each hachure sevarately, and lg

"very exnensive of time.

A hachured drawing executed by pen may also consist
of hachures that eross one another in various manners
and result in shadows of varying intensity., This method
yields positive resulta, The intensificatlon of shadows
in a hachured drawing 1s distinctive in technique:
it may be effected by thickmening the hachures or
by havin: a new set of hachures cross over ene previously
anplied. In this, it 1s important to watch that the
intervals between hachures are not blacked out, The
hachurgs must be snlid black in color.

Corrections in tinting, shading and hachuring
are entered with a soft eraser, hard eraser, and a
scalpels In using an eraser, it is advisable to use
>a templet cut out of firm paper or vinyl which will
delimit the area to be cleaned, and will allow #omnlete
erasure, »

If an erasure is not sufficient to eliminate an

— /45

Declassified in Part - Sanitized Copy Approved for Release 2013/01/24 : CIA-RDP81-01043R001600120005-2



Declassified in Part - Sanitized Copy Approved for Release 2013/01/24 : CIA-RDP81-01043R001600120005-2

item, final cleaning may be done with a acalpel.

After cleaning a drawing with a soft eraser or a
scalpel, it 1s essential then to rub the drawing

with a hard eraser, to even out and buff the surface
of the paper, and then to wet the area with a solution
alum, Once this dries, the area may ﬁe vorked upon
once more.,

'322 Cartographic aml other sources used in s representation

of shadows.

The general requirenents which a shadow representation
1s expected to satisfy may be formulated as follows:

a) that 1t convey the distribution of relief features}

b) that 1t convey the type of relief present;

¢) that it convey a three-dimensional effect.

These requirements are fufilled by relying upon
tng;ﬁeumo-wunbeviaismpasﬂteﬁﬁﬂ!ﬁ"th;r;:p for which a
shadow pattern is being prepared, ané by bringing in
otner relevant information which serves to complete
the éﬁ&éﬁZ map.

All the elcments contained in a map are relevant
to the‘reprcsentation of ;nadows in relief and, in
some degree, may be used as meferences and checks in
establishing the distribution of ligﬁt and shadow,

Svéﬁf; maps for tinting in relief may be divided
into two classes: those Wmaximgxmam containing contour
lines, and those lacking them, ‘

Contoud lines constiute a reference pattern

which conveys in precise form the dilstribution of

- /&5 -
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reliep features, ralacive and abarlute elevationg,
the incilnation ol grades, types ot relief, Lhe
oraientation of mouwhtain rances ang other o:ré panate
features, .an other .incr £x clements,

Conev ur lines are thus a basice source, wng aay
soustines ensure, o, tuemselvcs, ﬁﬁn adeasuute and total
tinting in or relief, Tne vasg 0! the artist ia
tnen to read, wich accuracy anu case, any type of
TcLliefl expr sued in Coetours, wit out navine to
desend on cale . ations or meas rements, and to ep ate
on this basis g repracentaticn of +he digiributi
0. raclef fesctures, The reading of relief fr~, comtogp
iines e trc g necessary step, wit.out ithich a
snadaw pattern cannnt be execu-ed,

The ele.ients of & map, such as the arainage
netverk, the snore iines of lalkes and oceans, r~pulantign
centars, the roagq netiork, and makixixnik adininisirativs
boundaries, are alro siznificant in executing a shodow
pattern, 1In a given area, thney are all linked to
re.ijef features, ang the conn_ction must be made cleap
in ineir “eprceentation,

Tne arainage system ig g frameﬁork whirsh setermines
tro dlstribution. of AT ncmaﬁive and -~onitive features
of rolief. Guided by the indications ofAtne rainame -
netwérﬁ in a vomtainknus aree, it ir ossible to
Locate mn jor watérsheds and ranges, The very mattern
of the arainare itrelf may serve &s en indics.ion or

the nacure o, .n- re.lef: strea:g J1EN numoreas S0 pg
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R T AL STRIE

and cut-6ffs are typical of broad valleys in iowv-
Lying arcas, while straicht, EIx REREXRIRAFX cnﬁrsos
witiiut b.nds are tyoical of mymtalnous re lef.

The more cosupletely a map conveys the drainage:
Lie wore 1t sids =k an accurate rnuering of veliefl
fesiuras.

The roresentation of reLief mush be coordirg ted
hltL.LMEt 0. popuizti~n centers, sartical-rly the
lam er ones. 1t is IfdX diffic ilt, for exaanle, to
imagine a larre oopulstion certer situated on a gwed
T grade, or on a m atain crest, or spanning a
steep~walled ravine, etc. Yeb, all these imprnbable
ciLuations may actually be found on waps. Such
absurdlitics are particularly conericuous when ~onu.atisn
centers, represented on mepa b, larse cirel-s, overlap
not only a mow.ntain side, but a mountain crest and 1ts
o-posite slope. It is essencial to snow light and
snade oictributions n guch a manner &s to have import. nt
p »puiation centers nccwr on nérizontal surfaces or on
pe atively gentle slopes. If relief 1a to be reprrsented
an school mep, intenced to nkanp on tho wall, and the

‘wulatisn ceuters st therefore be enlarged, nhadows

shhuld be xkRikzgdx shifted over, in accordance with
thelr size an: shape, £O &8 to coordinate them with
the location of btowns and others elements.

No less important is the crordination of relief
#ith the rcpresentation of the road network. 1n mountaindus

sroas, where stoep grades predowinate, rod o are

—— /,{’_fa‘;‘f&
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rarely oriented in a direction perpendicular to that
of mcuntain ranpges. Usually, to lessen the grnde;
roads rise from the foot of the slope in a diagonal
direction, or else curve around in "hair-pint
fashions, and cross mountain chains at passes or
trough#s. To allow for this, it is isportant to
check the distribution of light and shadow

against the orientation of roads, emphasizing passes
and trough#, and placing shadows so as to have

raeeds rise up slopes at an angle, and having

roads cross mountain chains at rirht angles only
when such is actually the case.

Administrative boundaries in mountainous areas,
particularly those between different states, often
follow nattral boundaries such as mduntain ranges,
streams, etc. In such cases, it is important to
check the distribution of light and shadow apainst
the position of frontiers.

For purposes of publication in preparing
a2 tinted original, the same base map is used

as the one to be used in the combined printer's original.

If contour lines define the relief adequately, other

elements of the map, with the exception of drainage,

are not transferred. Only pencil markings are used to
indicate the position of elements whiéh must be matched in
both drawings. If, however, contours fail to adequately

convey relief, or are lacking entirely, all elements

- 19 -
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of' tne fivished map st uerm entered on the ariistty
xﬂggggnzx map. .

In a nusber of cases, the zgﬁigknue map i~ not
enow L to ensure the acc rate execition of a shadow
pattern, which will fulfill all the requirements
exnected I it, In suen a case, use must be mude
of cartographic and Rexew written sources which will
allow a better rendering of relief thrrﬁgh tinting,

Of particular lmportance in this case are maps
representin,: reiief,

The prepamtion and tization of ssures maberiaisg
rev.lres narticular attenpion.

Souréc materials may be classed,in accordance w.ith
the naturc and completencss of tre information they
contain, as basic and supplementary,

Basic sources include:

a) maps with plastic representations of reiief
(by xxrx hachuring, shadinz or tinting), fThese
rmay incdude maps in atlases, separate maps, as well
as :multiple sheet maps in which ro ief i3 conveyed
in a plastic manner, The latter characteristicx
maies such maps uuch casier to wory: frox than maps
in which retief is rep. esented by éther»means.

b) Maps in which relief is rep-esented by mcans
of hypsometric coloratisn or contour lines. Thig
group Includes a number of aiffercnl kinds of maps,
dirtering 'in purpose and scale, and is m~st frequent.ly
use¢d in preparing shadow natterns, Ho.cver, c.nto'mry

-/50 -
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slone, ﬁarticulafly in small-scalc maps, do not convey
eﬁtirely the type of rellef present, and require the
supplementdry use of photographs, drawings, descriptions,
stc,

6) Terrein models and photographs of terrain
models., This group is likely to be auantitatively
1imited in size, but are effective visual snurces for

the distribution and nature of rellef. If lighting

conditions ape the same in the model and in the pattern

to be exscuted; the creation of the latter will be
considerably simplirfied, though it will not be reduced
to a simplé transfer of relief features., The drawing
must be reinteroreted: contrasts, for example, mugt
be exagrzerated, on the assumption that they will be
weakened through photography, relief features must

be generallzed froum the model, and so forth.

Supplementary sources include:

a) Individual and mosale serial photographs.
Aerial photographs matched with the map for scale,
have short, small and fragmented shadows, and,
therefore, fall to convey effectively both major and
secondary features of relief. Thé presence of many
other elements, sometimes opeating a dark background,
also limit the recognition of rellef features.

The liguting in aerial phﬁtographa does not usually
agree with that assumed for the tinting in of shadows
on tne map.. A mosaic of matched aerddl photographs

often exhibits sharp contrasts of tonalitiles, and

this is particularly obvious where photographs meet

—/87 -
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and creetes obstacles.tn their useé. For this reascn,
aérial - hotovrapns are not highiy suifed in prepariung
'a—shuaow pattern, Thelr usefulness resgides mainly in
aliowing the study of the nature of the rellef.

~  b) Obligue ohotographs and drawings are very
] Y ing

valuable, end make 1t vossible to judge of tne grnructure
an; nature of the relief. They are aainly helrful

in arawing in inkdiuidual features of relief in n
representation by means oI shadows.

¢) Georraphic descrliollions.
utilizatin ol descrintions bolls aown mainly to
getrsriny informstlion on th tyve of relief present
and t' e main orunraphic features. The distinctive
characte: “stic of descrirtions. the tact tnat tney
cenvey informatinn in exnository form, does not a:low
an a ccurabe rcpresentation of fen ures of the terrain
and of their distribucicn, Ho.ever, as adjunchs to
bagic sources, such as nmADS reprasentins relfefl,
dereriptions ey make 1t —csslble to determine the
nature of relief-in 3p. citic ZmRAMMEY Areas.

The nat.re of the base map determines the btype
og;éuurcé materials which will be used, For exauple,
if u-shadow pattern is drawn in en a physlogrepnic,
ny;sometrlc orAtonogra:hic (ap, on which resiefl is
réﬁresanted by frequently-cpaced contours, the base
Agp {tself ensures tne proper execution of EEP s.adow
navbern., Other materials (such as rhotograchs or

aescrintions) car only yield adonlitional aeta'ls Xmz

~ /1§27 -
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regas;ding the nature and features of relierf. Ir,
hov ever, a shadow pattern must be drawn without
reference to contour lines, use must be made of
other mources from which a shadow pattern may‘be
derived, and these must be prepared for uss.

38. _The preparation of source materials and Ex¥zx a

base map for use.

Regardiess of the class ‘to which a source belongs,
1f it is to be used in pr-paring a shadow pattern,
it wust be examined and evaluated to ﬁetermine the
extent to which it can be mtit utilized.

Materlals are evaluated by comparing them with
one another, witi. allowance for thelr date and other
characteristics.

Examination and evaluation are done as follows.

¥umx An cstimate 1s made of the completeness of
the data yielded by the source, i.e. whether it %=mx
conveys fully all the orégrpchic features which mre
to be shown on the map, If the required features
are lacking in the sourse, other sources bearing on
these features are sought., Conversely, if the source
contains unnecessary details, these are ﬁarked, in

some manner, as unessential,

An evaluatlon must also be made of the rellability

of the information contained in the sowrce, l.e. tkx
an opiniont is forwed as to whether the source snsures
the accurate localization of pll orographic features

Cofr
in the shadow pattern, wivowimax the most Important ones

/53—
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are conveyed and the Xl true nature of the relief ia
anpreciated. The information provided by the source

may be out of date, or the source itself may be of

low ac.uracy and contain errors. The reliability of

the informatlon in a source depends on the date and
manner of' its acquisition, and may be checkrd only

by reference with otner materials, more recent and

more accurate, wnich, for one reason r another, %ﬁgnﬁgt
be used as sources imr for the shadow Xmmgex drawing.
Sources which are wanting in accuracy, must be corrected
or replaced by other more reliable ones.

Alsy to be evaluated is the manner end degree of
success with wnich the relief is conveyed. A correct
un.erstanding of the nature ana distribution of relief
fratures depends, in large measure, on the manner in
which relief 1s represented on the ca.togravhic sources
used, and the dersree to which this 2?presentation is
efr'ective,. Also of considerablie importance 1s the
quality and the raithfulness of reprocduction in yrint
ot the representation. A low grade representation
may lead to errors in tinting in the relief.

Examination of the sources involves the graphic
notation of all cha:ges and corr~ctions either on
the sources themselves, or in thtif margins, If
the representetion is of low yuality and annotations
become t~o numerous, it is advisable to use annther
source.

The cartographic sources emloyed ﬁay differ

in their scales, However, if a cholce has %o be

~ /Y-
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made Petween sources, preference should be given to
the one whose scale most closely‘asproximates that

of the drawihg in preparation: closeness Iin scale
allows the visual comparison; in the course of the
work, of the source and of the drawing in preparation,

The examination and evaluation of the Souroo
material should be done either by the editor of the
map, or tho arblst executing the tinting, if he has
sufficient cartographic training and is capable of
evaluating the quality of the materials.

Immediately prior to proceeding to the execution
of an original shadow drawing, the artist m;sél
familiarize himssir with 21l the source materials
gathersed, with the object of gaining a clear idsa
of the nature of thes relief he ;s to deplot, the
degree to which it needs to be generalized, and
the mammer in which msajor features will be distributed.
On the basis of the sourse materials, the artist
must gain a conception of the types of relilef
features that predominate in a given area: whother
they are sharply defined or rounded, kREXrXXKRWELIZX
whet their strueture is, where,pl&teaus%nganges
are located, how they are oriented, whether parallel
to one another or at various anglea, how mountain
spurs are orlented, etc. ‘ In familiarizing himself
with relief features, the artist should at the same
time plan and conslder a 1lighting grrangement that

will be most effsctive in conveying both individual

featuresiand the relief ad r whale, Having reviewdd

~ /55
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available materials and planned a lighting arrangement,
the artist should be in a position t'o visualize
with comparative accuracy the distribution of ma jor
orographic featureas the location of the higher
elevations so that, from the’ very outset, he will have
& preliminary idea of how the iIntensitles of light
and shadow will vary in conveying given features,

In a number of cases, it will be found that

the base map, especially if i1t laoks contoura, 1s

not adequate for obtaining an accurate represenﬁation
of the relief, Shar¥xemmimxa Inadequacies in the
representation of drainage are likely to be most

acutely felt. In such a case, 1t 1s necessary to
use some of the gathered material to complete the
drainage pattern as represented on the bame map,

as well as other, elements, if possible and if they
help in determining the rellef pattern,

After becominz asquainted with his sources,
the artist draws up an orographic pattern by
entering on the base map, which is printed in blue,
lines and symbols which willl indisate the position,
value and characteristics of ordgraphic elsments

"and features of relief, These are entered visually
in pencil, by reference to all the elemsnts present
on the base map and ‘t;he additional symbols that'
have been entered upon it., If adequate reference
points are lAacking, Expx use is made of a proportinnal

compas or a complementary grid, derived from ths

—/856 ~
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coordinate grid, The main reference slement shotld
be drainage.,

The preliminary diagram should show the loc;tion
of dlstinctive changes in relief orilentation, indicate
the nature of the relief (whether it is rugged,
gently graded or rounded), and include notations of
steep slopes, individual swmits, their elevation
In relation to one another, major and secondary
orientations of' ranges, the nature of stream valleys
{whether broad or narrow). For clarity, commonly
used and easily resadabls syub snould be used,

It 1s maxk most efficient to proceed to the
execution of an orographic diagram only after having
first completed the blue base map with pencilled in
dralnage, amplified with hydrographic information
transferred from other source maps, Hydrography
is entered in pencil only in those areas where relief

to appear as tinting, Where tinting will not
anplied (as, for example, on flat expanses), there
not reason for entering drainage.

The breliminary orographic diagram may vary
in execution., If, for example, cont urs define
clearly enough the wnter;heds which will oceur as
boundaries between light and ‘shadow, there is no
reason for entering them in pencil, In such a
case, the orographic diagram need onl& contain
basic sﬁructural lines which are not clearly

expressed by contour iines. Conversely, on maps
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which lack contour lines, it 1s essentialix to clearly
mark in pencil all the lLines separating illuminated
from shaded surfaces, AIl of these, to the same
extent as elements of drainage, ars xxx essential

in the subsequent process of applying shadows,

An example of an orographic diagram on a base
map is given in Fig, 28,

For purposes of map publication, orographic
diagrams are drawn by the artist concerned, and include
only those elements that the artist feels are necessary

fgg his task, It would be desirable to organize a
compilation of orographlc diagrams for all mountainous
repions of the world, for example on a scale of 1:
1,000,000, Such a seriles might prove useful for
drawing in snadows of relief In many maps at varkous
scales,

The stage whicn is preparatory to the actual
tinting in of relief 1s important. There more
completely and thoroughly the artist studies all
the sources, the more care 1s exercised in drawing
up the orographic dlagrem, and the clearer the
conception which the artist has of the relief to
be conveyed and of its comﬁonent features, the
more realistic will be the resulting ilmage of
these featuree and thexheikw= higher their cuality.

39, 'The distribution of light and shadow on

basic surfeces and forms,

In geomornhology, the followings types of sloves

— /857~
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are diatinguished in relief reatures on the basis of their profiles:

straight, concave, convex, and undulating (Fig. 2%9a).
The shadow pattern comresponding to each of these
types is shown in Fig, 29b.,

In classifying relief features, thelt apparent
variety may be reduced by comparing them to a limited
number of simple geometric forms, and this, in turn,
allows to explain the distribution of shadows
on them in a simple and understandable manner.

One such form, defined by straight slopes, is the
pyramid (Fig. 30).

The pyramid is located on a flat surface and
is lighted from the aide, at an angle. The four
visible boundaries of the pyramid have a
different type of illumination, which also varies
within the limits of each face.

Each shadow is shown ag darker near its boundary
with a lighter shadow than on the remainder of the
face. A particularly dark shadow occurs toward the
summit of the pyramid on the less ilkuminated surfaces.
As a result of the effect of reflected 1ignhi, the
lowed portions of these surfaces are shown as
somewhat lighter than their boundaries.

The orientation »f the light determines the directipn in
which the pyramid casts a shadow. In the vicinity of the
pyramid, and particularly at its origin, the cast shadow
has sha}p boundaries and is darker than own éhadqw.

As we move away from the pyramid, half- shadow appears.

-159_
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wltnpin the cash shadow, the b uaries brcome more
diffuse, and the shadow bocomas lighter., %The outlines
of the cust si.adow repeat those of the pyramlid. The
surface on which the pyramid stands is less ilfuminatcd
than its illuminated xurfarmx faces, and is under an
evén, light s .adow.

A cone, placed on a flat surface (Fig. 31), causes
shaedows that resemble, in many ways, those of the
prramid, However, the ver, shape of the cone, which
lacks hommrAxx xfwwkwx facets, determines a gradual
& ansition from dark shadow to ?l;uminated parta.

At the sumiit of the cone, the shadow 1s dust ag dark
ag it 1s on the pyramid, and becomes lighter further
devm, Gast shadow, which 1s sharply aefined and dark
near the ccne, gradually becomes less intense and mors
diffuse further meyax away. The osutline of the smmimx
cast shadow repeats that of the cone.

A prism (Fig. 32) causes shadows that, ln many
ways, resemble those caused by the nyramid and the
cone. However, a particularly iark shadow occurs
along the ridme that sevarates the two long facea.

The cast shadow 1s the projection of a m=msim urism
on a plans surface.

Fig. 37 thows an hemisphere undsr side (a)
and top (b) lirshting, Under side :ichting, a +ark
shadow forms in the lower part of the hemisphere
onn the snaded side, 4 _ight shadow forms on the

- I . s
lower part on the ii.uminates side, The lishtest
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areas occurm somewhat above tnisg lirht shadow, Caat
‘sﬁadovs &. e bouna:d by curves Sorreusponding to ﬁgggﬁﬁg
surraced,
- Unier vartical Lismting, a .aapk stwdos is Soimed
- on those surfacecs that are inclined the Most st eply,
- Tna contval rortion remains ~i7ht, since it consiage
" 2f horizonsal and:nmgnmmely inclined areas.

Tﬁn swi'ch from feometric solias to ferlbures of
- reliaf roqulipres EREXRXARRLREX g break-down or tha
-~ latter inte parts, and thse rendoring Eg on them of
maxaizx cetails resul Ling fra, érosive action, gsuch
7 as Jind and ovrep Torces that destroy reliesf,

Por the rost part, mountein crests oceur gasg
MRRXAXE ja ved lines, nanfies consigt of alternwtinc
swr:its ar’ tprouihs, The siomes of indiviiual ur.eains,
ranfes and hill-liuxe vu‘nences are REFXRILYN (' ssected
by Extmmimm talusns, hollows and ravineg, Sm:nits
- hay ve peaked, roundeu; pl:teau-lixe op contain

¢raters, in the case of volcanoes,
Bip, 34 shows relief features that conform to

the ceometric solids previousl: «iscussed but which,

\

in accition, exniblt some o the details thq} arise
-in the course of the develoruehnl of rellef,.

-

z The suadow patterns examined in conneetion with
. basic geomeiric forms are cnarac-er:.gtic of inclated
“features »f re ler,

In renuerine combined froturse or re,lef, it

is Lmoortent to convey not only the shudows of' rach

—/ 6/ -
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component form, but also to express the connection
existing between forms, as well as their relative
elevations, by means of shadews,

The snadows cast by speclfic features may, to
& greater or less extent, obscure other features,
Light reflected fro# 1lluminated surfaces, tends
to weaken shadows &m dark areas, Illumination and
the contrast of light and shadow are more extrems
on high features than on low ones, The outlines of
cast shadows depend not only on the shape of the
features that oast them, but als on the exposure,
orientation and shape of those surfaces on which
the shadows are cast, All these factors must be taken
Into account when representing complex features of
relief,

The best ald to the study of shadow patterns
i1s the sketching of solid bodies., It is possible
to mold various solid forms out of clay or plasticine
and to sketch them under varying lights, Shadows
are perceived with particular clarity.if tle forms
are painted white, In doing thia, it is impqrtant
to attempt to remember the resulting shadow patterns
with the obj;ct of eventually applying tnem in practica,

L0, e sequence of application of shadows.

In'representing relief, the artist is likely to
bun Into dirficulty in deciding on the order in which
he applles various shadows, and will frequently

face the problem of whether to begin with general

— /62 ~
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shadows, ynaq emphasize mejor feasbures, am: tnem %o

go on to thdsc caused by details of relief, oxr vico
versa, vwhat ls the most advisable sequence?

However, the ilmportant thing in obtaining a
high grade representation is not some stindard scqﬁenco
of techn'ques whilch, one m:! ht think, shoufd be
inculcated in ecach artist LerxsFylrmrEimXEURREAEIER ON
systematic gfounds. 1t is quite uossiblé, for exanm}e,
to be -in by auvplying broad grey bands to represent
meneral shadows along m untain ranges. These, however,
in the end; are no help to tﬁe artiat in uncerstanding
bhe configuration of velief and, on the contrary, may
et in his wey by obssuring the pattern of contour
lines. 1t 1s ulso rossible to begin with shadows
that convey .etails of rellef, and end up with X such
a variesated grawing, that it will be imvosaible to
decirner,

The eesentlal thing for the artist, at any siare
in his work, 1s to be avle to visualize what remaing
to be done to improve the rep-esentation and progrecas
toward its completion, to rause what 1s lacking or

what is superfluous. Jt is essentlel for the artist

to develop the knack of visually c&aluatina and

checking the drawing in preparation at each gtage of
his work., The objoct of the artist must be seo; in
his wind's eye’ thebfcaturns‘of relief he 1s deplcting,
and to know in dxyam advancey the results of any

bechodicdesm e L4 Lo emclore i, oue s-ob, Lhe artigl

—/6 3~
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may [ind it necessary to apply a gemeral shadow,

in another to darken the shadow in & canyon, 3in
another still to convey reflected light,‘ and so forth,
.It is essential to plan such a sequence of
operations as will make each shadow, each technique
applied an im.provement over the preceding, aad at
the seme time a point of departure fSor further
improvements in the representation. The process
of preparing a drawing is not one of distinguishing
successive phases (general shadows followed by details
or vice versa),. but a continuous operation of
perfecting the representation and approaching its
final form.
Experience shows that it most convenient ©8
begin by applying shadows to those features of relief
that clearly differ from one another in the
exposures of their faces and are sepsrated Wy clear-cut
depressions. Subsequently, these featuros may be
generalized, and their ded&ils emphasized. In doing
this, it is important not to apply shadows svenly,
but to inject half-shadows in them from the very
beginning,; not to paint them on, but to wash them on.
Let these washed out shadows appear initislly imcomprehen-
sible to others. The important thilng is for the artist himself’
to comprehend how they serve to con‘vey solid fomu; and to vigua-
1lize the amplification they require for the gradusl achievement

of a finished representation.

- 16k -
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The representation should not be elaborated part by part,
but as a whole.

In the course of the work it s inadvisdble to dwell
on one spot for any great length »f time. Prolonged
concentration on any one spot causes the artist to see
in that spot not solid forms, but merely agrregates of
spots and stains, that fail to convey anything. In such
cases, it is essential to pass on to other portions, so
as to view each portion with a fresh eye. Only in
this manner is it possible to perceive at a glance what
further work a particular area requires. By shifting
from spot to spot in this way, the artist approaches
the completion either of the entire drawinp, or of some
large portion thereof.

However, in doing this, another concern ahould always
be present} in interrupting work in a given spot, care
should be taken not to leave it entirely unfinished. There-
fore, after having worked in one or two other spots, it is
essential to return to the first one, and to £ill in the
shadows that are still missing,

Fig. 35 breaks down the process of execution of a
shadow pattern into sequential phases. First, a light
direction is selected for the pattern. For the major
features of rélief in the example illustrated, it is

" advisable to select a north-northwestern light source.
For secondary features in the west, a western source
\is desirable; for those to the east,.a northern source,

Then, light direction shouid coordinated for all features.

- 165 -
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One of the most undesirable situations is to have
nelghboring orographic features of similar orientation
shaded or illuminated slopes facing each dther,

In such cases, it is necessary to show one as being
somewhat darker than the othier, and to emphasize the
shadows in thelhollow separating"the two slopes.

Work should be begun by #pplying light own shadows
occuring on relief features that are distinct one
from the other. The dhadows ahpuld be washed on from
the darker to the lighter part, from the summits and
crests downward slong the slopes, and should be
relatively detailed, though minute details are generalized.

Where needed, cast shadow is applied, and
is made to correspond in outling to the shape of
the feature casting it.

Further work consists in intensifying own shadows,
rendering detail, applying a light shade
in flat areas, ang intensifying highlights on
illuminated slopes.

In the following rhase, shadows are further intensified.
Shadows serving to deepen hollows and setting 6ff spurs both
on their shaded and illuminated faces are depicted. The
shadows occuring in flat are=8, that emphasize .the
banks and the beds of streams, are elaborated.

In this manner, the entire image gradually
near completion, though it still does not explbit the‘
full range of half-tones between black and white, ané

the most salient features have not vet been made to stand out.
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Prior study of the relief allows the artist, in the last

phase of his wok , to apply the shadows that will express
the relation of &ndividual larger units to one another.
Thus, for example, completely black shadows are shown

in the central part of the moumtain group represented,

to emphasize 1ts rise above all other relief features,
.The rocky, Jagged nature of the gwoup is emphasized by
cutting shadows abruptly, in_stead of blurring them in
their lower portions.

A general snadow is applled whenever the artist
finds it necessary. It mgyg be applied only toward the
very end to differentiate between 1lluminated and shaded
slopes and to reveal major orographic trends,

In the example 1llustrated, flat expanses are covered
wlith shadow, 1.e. all surfaces are consistently and entirely
shaded in accordance with their i1llumination, For purposes
of publication, it is not customary to show shadows on
flat surfaces, though this practice cohtributed considerably
to plastic effectivensss,

The sequence of shadow application illustrated is
intended to apply to monochrome representations, partiecularly
12 ls for publication,

The execution of polychrome representations, in the
form of sketches, samples and colored origilnals for
publication, follows somewhat different rules,

Let us examine one specific example of the exe;ution
of a polychrome origlnal, combining a colored Wackground

following a hypsometric pattern, and polychrome shadows.

—18)-
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Tne inicial phase consists in the executisn of the
cd}or bpackground in accordancs with a predetermined hypso-
me. -ic zoale (Fig, 36).

The coloration of shadows under the rules of acrial
perspective ic made to result from the conbination of
two or three colors, such as violet, grey-brown and red-
brown., Of these, violet is used in the lower and deeper
parcs of tic .eilef, grey-brown shades attuin higher
eLc}&tions, while rec-brown shadows are u<ed Lo accentuate

urce of relief,
ceq .encc of operations is the following. Mirst
lied are violet shadows, xx worked out for all
features, These snadows constitute an underlyins pattern
Ior zXkxax snadows of ot.er colors (Fig., 37).

Next to be applisd are sinadows of grey-brown color;
wilen are to .erze graaually with taocas of violet crloar.
0n »r2rly illuainater surfaces, shadows are .ade to descend
Llower,zyan while on yell lighted surfaces they terminate
hi.ner up or are cntirely absent (Fig, 38).

Red-brown snadows are lald over the grey-brown ones.

Tiey are the most highly controsting, and, characteristically,
4o not blend goaqually with grey-brown shadows. For

thoL;ost vart, the have jagged outlines, that penetrate
dAwwnxinkex cownward along taluses, hollo&s and canyons.

(Fig. 39).

In addition to voscsernsing all the Bharacleristics
o a_monochroxm renresentation, tnis type als»h reguires

cong?rn Ior an svaerall harueny of c¢olors throughouhs the

—/5F -
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f»ydrawing, and an attempt to avpid shadows of various golors
that will appear as discrete entities instead of natural
color variations caused by the superimp‘osition of atmospheris
haze over natural colora. In applying colored shadows,
’the following rule should be kept in mind: %he intensity
“of a shadow increases with elevation; therefore, the
" red-brown shadows xhmmkmxBEaxiha aﬁplied on thh higher features
should be the mpst intense,
The rules governlng color combinations, both for
- manusceript and printed maps,m may be stated as follows:
Exmi Shadows of any one color should coincide with those
of others ong the lines of mountaln orests, ridges,
digirede 1ine .
’ #nd sunmits. Shifts and deviations from these
common’ boundaries impalr the effectiveness of light and
shadow diastribution. The replacement off one color by
another as elevaticn changes must take place geadually,
sand this, in fect, is ons of the main difficulties invoived
in printing a shadow pattern of this kind,
L1, The generalization of relief features in a shadow

pattern.

m other types of cartographic I;epresentation,

rendering relief through the distribution of ‘1ight and
shadow irvolves generalization, through the elimination
of insignificant, secondary relief fedtures or the merger
- of several features into one,
The degree to which relief 1s generalized on a mgp

- must be uniform throughout. This does not means that the

— /69~
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result should be an unfformly dissecteac relief, On the
contrary, a uniform derree of generalization has &s its
very aim the preservation of the relative desrces of
dissection characteristic of distinct regions,

. The dezree to which generalization 1s carried denends
on.the purpose of the map. With reference to the representation
of relief by means of contours, the problem has already
been treated in various texts and :manuasls, and is not
substantially different as regards the rendering of
re.ief through tinting, We will merely note here some
of the guiding criteria which aid in generalizing relief.

For example, one such criterion isprmwidm provided
by the establishment of definite esmsimee intervals between
drainage mkmmenkxx features. Relief and drainage are closely
connecteds River valleysinﬁél&ows containing or lacking
running streams in a dissecteu mountainous area serve to
divide positive mfmiuxmm features of relief such as
crests, spﬁrs, etcs In studying the base map and source
maps, it is possible to decide upon certain minimal
intervals between stream beds which will be used in
defining the mouhtaln spurs separated from one another
" by hollows. Intervals which are smaller than those declded
* upon are generallzed out, and several spurs xxx may then

be merged into one.

However, 1t may occur that a large number of intervals

fail to attain minimal magnitudes and that, as a result,
. all hollows are generalized out of existence. In such

_cases, the number of intervals 1ls set for a xn# épecific

-/ ;70 -
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ar8a according to a fixed scale.

Let us assume that the smailest interval isvtnken to
Exgxx equal 1 em, Yet, on the map, the magnitude of the
intervals x§%§éiizn pr else, within a given distance (letx
us say, within 5 em} all intervals are inferior in magnitude
to that decided upon., In this case, s8ix hollows separaﬁed
by five intervals are allowdd for this area, while others
are eliminated. The map then shows five mountain spurs,

This procedure is'entirely applicablé in certain
mountainous regions, w:iere parallel streams divide
msuntain spurs, as tbey do, for example, on the southern

. 8lopes of the eastern Caucasus or thw western slopes of

W the Andes in South America. Intervals between hollows

" are pro-determined either by the editor of the map or
by the artist himself, if he has sufficient cartographic
training, '

In addition, in the rmmEx course of preparatory work
the edlitor or the artist mnay single out the hollows and
streawms o be eliminated by marking them on the base map
or the source maps,

An ald to generalizing may be seen intggégraphic
diagram previously dkscussed, on which all positive and
negative features to be represented in the shadow pattern.

" are indicated grarhically., Such a diagram 1s very useful
\to értists with relativel& little experience inttinting in
reLief,'and‘is partioularly important in tinting in relief
on multi-sheet maps to coordinate the shadow pattern of

the various sheets,

—_/ 7/~
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The setting of intervals and the resulting scale
are not Intended to be used mechanically, but should be
:used in a creative manmner., In a number of situations,
veclsions of this type and the scale 1tself may have
be altered as work proceeds on the basis of visual evaluations.
mfxkhu¥nw Generalization is acheived by modifying shadows.
Some_shadows may be entirely elianlnated if they pertain
‘to rellef features of little significance. Others may be
rmagnitied when several features are .merged into one, and tkx their
intensity mmy be varied. Intensive shadow serves to single
put large, prominent or deep features among minor ones,
which are shawn by weak shadows,
Experience shows that, regardless of the nurpose or
scale of a particular map, the nrocedure for generalization
always boils down to the techniques enumerated.
Fig. li0a shows a relief rendered in light and shadow
in accordance with the pattern and all the detaika provided
by contour lines, In Fig. QO,b‘the rel 1ef has been uzaneralizmed
through the exclusion of secondary foatures of Iittle
signiricance, In Fig. lj0¢, certain features have been
marged by means of conxmon shadows., Swamits are shown w«ith
.an intensit, equél to that of the passes.that separate them
(in the lower part of-the drawing). In this manner, spura
are remresented as a unit, without summits being separated out,
This procedure, of course, is not applicable to features
" in which the.relative elevation of summits is gredater,.
The variation of the intensity of shadows is one

of tne most frequently used technigues in generalization.

~/7 2 -
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For example, if it is hecessary to convey a major oropraphic
trend among Secondary crographic features, the
features concerned are given shadows of different intensity.

Most freaently, all the techniques enumerated are
used in combination with one another,

Generalization is a means for conveying the distinictive
features that describe the nature of the relief, ard not
for ¢’ nsolidating or simplifying relief "eatures, For
example, if contour lines iédicate a sharply dissectsd
relief with hollows of considerable depth, this characteristic
must be preserved in teneralization,.and the hollow should

‘ not be made to aprear shallow,

In a polychrome shadow pattern, a further technigue
in generalization is color variation. Variations in the color
backrround and shadow color, will caise Some of the
features depicted to be perceived as more pProminent and
more important than others,

The use of dark shades in shadows, such as dark red Br
red-brown which, at the same time, are intense, resu]ts in
an effect of increased ¢xevation, Shadows lighter in color
(grey—brown, brown, grey-greem) aid in rendering less significant
features, Violet and blue-violet tonalities are used in conveving
the lowest and derpest features, w'ose significance does not J
reauire that they stand out,

Chapter VI

BASIC RELIEF TYPES AND FEATURES IN GCHIAROSCURO REPRESENTATION

L2, The legiblllty of various relief, features in , shadow
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pattern,
.

Relief features of relatively small dimensions (such

as various types of valleys: fissures, ravines, can-ons,
. buckét—shaped, V-shaped and U-shaped troughs) do not
usually show in:a map, unless the scale is very larre.
~ -0On maps of moderate scale, these features become so small.
particularly if shadow contrast is lackinp, that they cannot
be discerned. Jor example, on maps at 1:%,000,000 and smaller
~ 8cales, tinting canmet convey such features as the craters
‘j:of active volcanoes, isolated prominence no larger than
1 or 2 km in diameter, barrancas on volcanic slopes, or °
_ erosional “urrowns diséecting mountain slopes, unless these
} i features are considerably magnified.

On historicai, political and economic maps, the shadow
pattern is intended mainly to convey major orographic trends:
ranges, steep inclines extending over hundreds of kilometers,
ard major isolated peaks, which must be magnified. The
relative elevation of relief features, as well as the
characteristics of crests and summits, do not show, On
physiographic and hypsometric maps, in which the shadow

" pattern often consists of two or more tints
and which have, in addition, a color background, the )
‘@representation becomes such as to allow the recognition
“ of the characteristics typical of the kind of relief- depicted:
sharp crests and flat watersheds, jndividual éummits and
’plateaus, terraces, Qnd hilly relief.
* The use of light and shadow makes it possible
~ to convey the following basic types of relief:

- 17k -
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hiph altitude mountaincus, medium glevation mountainous,

low altitude moﬁntainous, hilly, voleanic, rlateau, cuesta
and plains.

b3, The representation of high-altitude Alpine relief.

The altitude range of high mountain relief in the
U4SR extends from 1500 m upward.

High-altitude Alpine reljef is rharacterized by tre
preval ence of sharp rocky craps and peaks, corrie-basins, and
bucket-shaped trourhs. Some trou:lis may be modified through
erosion to accomodate stream beds. °

tisually, hirh mountain relief consists of an apgretation
of larpe relief features (ranfes, masses), separated by
river valleys, and smaller features such as those enumerate~
above., Mountain ranges in a drawing usually have considerable
{radients; the steepness of slopes may vary, and will increase
from bottom to top, The reneral outline of mountain slopes
from bottom to top will be approximately concave, and vary
from spot to spobt.

Tt e shadows used in rendering hifh mountain relief must,
above all, serve to emphasize the unity and mass of mountain
ranges. This is accomplished by means of shadows which
extend from the crest to the foot of the range, covering the
shaded side of the ranre énd, at the same time, outlining lateyal
spurs. [Ihe more intense shadows are located near the divides, and
are made to weaken downward. Polychrome shadows are the most ex-
pressive. By being suvgrimposed over one another as elevation incree-

ses, colored shadows pradually grow in intensity and achelve a

- 175 -
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heightened plastic effect.
_ * A dark shadow on the shaded side of a mountain range
may not always gradually weaken &s elevation decreases.

Tge sharpness of & divide is most effectively emphasized
by means of a jagged shadow, which is cut off abruptly

both in its upper and its lover portions.

_ The main distinguishing feature of high mountain
relief, namely, the dltitude of the forms that are part

of it, must always be conveyed in ;ts representa tion. This
is best achisved by the use of hypsometric coloration,

R The completeness with which the distingulshing features
Iof high m-untain rellef are coﬁveyed depends, to a large
extent, on the scale of the map. For example, on maps

at scales of 11100,000 to 1: 500,000, there always exists

coxue'ﬁas?ns

the possibility of conveying glaclal whecus , Sroughs
which xmkme cut into one enother, and to show details of
rocky crags, EpErX separate peaks, and so forth, In
representing cirques, ther upper margins should be emphasized
with abrupt lines (Fig. 41). In a number of cas@s, cirques
nay be ﬁixx&mn compartmented by low divides, which have
resisted ereslon. These aho J1d be shown by means or

toﬁ lighting, and their shaded slopes should be shown

as_ darker than the illuminated ones. Linear elements

should emphaslze roclky orags, XB arsas of cliffs, rocky
promonntories, and rocky outcrops, both on 1lluminated and
on -shaded slopess

Op maps of smaller scale, where all detalls cannot

be conveged, certain characteristic features (such &as

—776 -
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rocky crags) may be shown on an exaggerated scale. Other
detaiis are omitted altogether., For example, at a scale .
of 1: 500,000 many maps corrie-basins become so mimute that
they cannot be conveyed even in magnified form.

L. The representation of mountainous relief of medium elevation.

Mountainous relief of medium elevation is characteriged by
relative elevations above surroundig plains of 500 to

1500 m. Relief features are sometimes rocky in nature, but

~ more ganerally take the form of rounded surmits and divides.

Relief of medim elevation may occur in the form of mountain
ranges, as wWell as masses and mountain belts sugemented by
longitudinal and transverse river valleys.

Lower absolute elevations thenmtthose occuring in high~-
altitude relief require the use of shado;ia of lesser intemsity
in representing them., If three superimposed colors are used in
rendering high-altitude relief in its darkest portions, only two
should be used at medium elevations,

The rocky areas that may be present in relief at
medium elevations are conveyed when the scale of the map
allows it. Generally speskihg, rocky features are singled
out only on large seale maps.

As in the case of high-altitude relief, the main
object of the representati;m ghould be to convey the
unity of the features, their interconnection. For this
p;lrpoae, higher )‘.‘ea‘l',uresi are emphasized, cast shadows are
made to cover less prominent features, and both riter
valleys and furrows on the glopes of rangss are conveyed

(Pig. L2).

Declassified in Part - Sanitized Copy Approved for Release 2013/01/24 : CIA-RDP81-01043R001600120005-2



Declassified in Part - Sanitized Copy Approved for Release 2013/01/24 : CIA-RDP81-01043R001600120005-2

L5, The representetion of low-altitude mountainous rellef,

Low altitude mmik mountainous relief includes mounxaina
from 200 to 1000 m in absolute elevation, with intervening
depressions up to 500 m in deptﬁ. Low moutitaing may be
in the form of both rounded and sharply defined relief
features, . “

B The shadows used to define rounded features of relief
g should be less intense than those used for mountainous
Felief of medium elevation. One color is sfifficient in
réndering shadowss This color should be cooler than that
rﬁﬁed in mountainous relief at high and medium elevations.
In conveying sherply defined features in low-altitude
mountainous relief, it 1s adv;sable to use two colors,
with the condition that the second solor, warmer in hue
than the first, should not occur extenasively in the map.

On large scale maps, in whiech the relief features
depicted assume larger dimensions, mimd 1t is easential
that shedows be used to convey the charscteristies of
the stream welleys that cut into the watersheds, Ximie
40 show whether they are meandering or straight, broad
or narrow. Shadows are thsn shown .eithor as dark and
exténding-* the bed of the stream, to convey XkxE steep

b;nks and narrow gullies, or else 28 removed t a distance

from the stream bed, thereby conveying a broad valley (Fig. It3)s

hb The representation of Billy relief.
Hilly relief is a subtypoe of low-altitude mountalnous
relief, and consists of isolated hille and ridges separated

by rolling or meandering valleys. In conveying 1%,

—17& -
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" emphasis should be given to the isolation of forms, which

are not connected in bélta or ranges. Hilly relief

i8 expressed m&iﬁly on large scale maps, including maps

at 1t 500,000 and, more rarely, those at 1l: 1,000,000,
Hilly relieflis most effectively conveyed through

side lighting, with the conditien that shadows are applied

consistently on all relief features, including flat areas

(Figa Lb). ‘

L7, The representation of volsanoces,

The typical volcano has the form of a conical eminsnce,
The slopes ol volcanoes are often concave in profile,
and become steeper as elevation increases, The surface
of these slopes are dissected by barrancaas, which are ruts
caused by running water, Streams may flow in asome barrancas.
On isolated eminences of volcanic origin, barrancas and
the streams they contain are disposed in a radial pattern,

Fig. U5 represents a volcano, It should be kept in
mnind that, whatever the scale, the representation of a
volcano must convey 1ts distinctive featwrest concave slopes
and barrancas. On a large scale map, the network of
barrancas will be conveyed in greater detall than on a
small scalke map, which will require generalization an@ the
representation of only the larger and desper ruts,

Volcanoes illustrate well the rules governing variations
in the intensity of shadows. The summit of the volcane
is emphasized with darker shadow, which éyowa'lightor lower
down, In a Ekmy polychrome rendering, the more inteﬁl;

"'shadow at the sumit EemsXatuxaf results from an overlay

—179-
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of three tints, while, as xhay the shadow weskens at lower
elevations, one and then two colors drop out.

- One of the more expressive ways of representing a
volcano is &xx through a complete rendering of shadows
on all relief features, including plains.

At large scales (11 200,000 and larger), the craters
of velcanoes should also be conveyed. The shadow inside
the crater is applied in accordance with the overall
side~lighting used..

8. _The representation of plateaus and table-landgg

A plateau is bounded by steep slopes, 1is dismsected’
1ittle or not at all, and is formed of horizontally
Aspaxkkind Arpax laid deposlts.

A table-land is a raised plain, into which streams
have ocut deeply.

For all their differences, plateaus and table-lands
havé traits in common, that justify similar means of
representation. They have in common flat surfaces, bounded
by'moderate or steep inolines. Inclines bounding horizontel
gurfaces, must rendered by means of vertical or near-vertical
lighting, %o which a gide-light is added, Shadows are
shHown on the inclines in accordance with the stgepness
of ‘their gradesm. At the same time, shadows are intensif;ed
or weakened in accordance with their orientation and expesurs
reia?ive to the cardinal points (Fig. j6). Large scale
maps allow a more effective rendering bf plateaus and taﬁle—

lands than small scale maps, since in the latter the ﬁm&h\f‘

of the slopes ias so insignlificant that the reéulting shadowsa

—1 &~
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constitue narrow bands lacking in 9ffecti\eness.

L9, The representation of cuestas,

o Cuestas are asymmetric ridges occuring in formations
that have been deposited at an anvle and are termed
monoclinal. They consist of one stepp slope and one

gradual cne. Cuestas usually exiend in a pattern of perallel

‘ridges. The steep slopes all face in tre same direction.

‘"his common orientation allows the use cf side-lighting
“from the same anple for all the ridpes. The map must
emphasise the overall orientation of the ridres, even.
though individual eminénces may not refTect it. For this
~reason, the darker shadows of individual features should
be applied in the general direction of the ridges (Fig. L7).

The common orientation of cuesta ridres and the
asyrmetry of their cross section are the essential
features of cuestas. These features must be conveyed on
21l maps. On larfe scdle maps containing a large number
of details, the latter shoula not impair the legibility
of these fundamental features.

Shadows that are extended over plains aid in achieving
an expressive rendition.

S0, The representation of plains.

Erosional amd glacial plains share certain features.
eqh.lack eminences of any magnitude, and what eminences they
;ontain are rredominantly hammock-like and hilly in nature.
Ecosional plains are distinctive in being deeply dissected.
hy river valleys.

On smzll scale maps, such as maps at 1: 1,000,000

v
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and smaller, the shadows that are shown mainly are applied
along river valleys and derived from vertical lighting,
while other relief features are omitted altogether.
In maps on a large scale, it “s quite possib}e to
conVey' not only the indentations of river valleys, terraces
i} and ravines, but also the rounded forms of divides, which
may be shown in light shadew and contrasted with ravines,
gullies and other negative features of rglie.t‘, shown by
- means of dark shadows and vertical lighting.
Of particular sipnificance is the shadow that covers

flat areas. A shadow on a plain makes it possible

to convey, by means of side-l‘ighting at the proper

angle, all the -~characteristic traits of plains relief.
The sides of terreces, illuminated or in shedow, ravines,
emphasized by means of strong shadowvs, set against a
background of smooth, soft half-tones which define hammock-like,
hilly features, all contribute to a sculpturel depiction
of relief (Fig. L8). The princirle of consistent illumination
in conveyling relief receives its most effective aprlication
on large scale maps, in conjunction with the use of a
background that will convey the ef? ect of atmospheric

haze. It is advisable to use two colors for the shadows:

“a warm hue (brown) for higher features, and®a ceader

_ hue (grey-green or blue-violet) for low features. If
B only one color is used, it should be warm (brown). Monochrome
shadow is less effective than dichrome shadow.

61, Conveying the distribution of relief features.

The various patterns in which relief may be sefmented

- 182 -
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in a horizontal plame, e.g. pinnate, radial, «iverrent,
branching, reticulate and others, differ in the
orientation of their component orographic features. To
convey these various types o segmentation requires tie
use of definite kinl!s of liflbiny and specific elements
of light and shadew.

Fig. h9a illustrates pinnate segmentation. The

-orientation of the rarpes and spurs requires a type of

1irhtinge trat will emphasize the principat and the
secondary Spurs.

It is essential to direct the light in such a manner
2s to have the ravs fall .at an angle both on the principal
range and on the spurs, causing thereby the formation of
shadows. ‘

Fig. L9b shows a parallel arrangement of ranges and
spurs. 3Such an arranpement occurs fairly ¢ften. In such
a case, the choice of a 1ight direction presents no freat
difficulties. Lifht may be directed peependicularly to
most orograrhic features. In addition, however, it is
essential tha- both principal and secondary features be
revealed. With this in mind, light direction is chosen 30
as to cover secondary spurs with shadows cast by the principal

range.

A reticulate pattern (Fig. B9c) is distinciive in having

lon;itudinal ranges cross transverse ones, thus sugsesting
a net. This type of relief requires a light which strikes
both longitudinal and transverse features at an anple, causing

the formation of shadows on both, At the same time, it is

- 1f3 -
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. - also essential to reveal the main mountain range.

- Fig, 94 shows a branching pattern of orographic
features, The orientation of the ranges, that emerge

_  one from behind tne other, may be -emphasized by means
of a common shadow, The light may be nearly at righf
angles to the orientation of the ranges. It must pe
kept in mind that the features that require emphasis
because éf mRimgxtx being the highest, need not occuf

on any one branch, but may be found on several, as shown

in Fig., 498 by xxm thickening mf the lines. This trait
. must show up Iink the shadow patterm, by emﬁhasizing
_prominent features by intense shadows and x»z causing
them to cast shadowa.

Fig. h9e represents the rather commonly found radial
or star-shaped pattern of segmentation, in which spurs
radiate outward from a central summit, This is one of
the more dirflcult subjects to represent by means of

i shadows. Light from any given direction will strike some
_ spurs at a right angle mm@x while being tangential to
others, thereby not creating favorable conditions for
':'their repfesentatioh, It is necessary te vary light
) direction for some spurs by shxngimgx shifting it sldeways.
LFor example, most spurs, with the exeeption of a and d,
’wiil take northwestern iighting. For spurs a and d, a
western directddn must be useds This will entail cases
of both shaddd and illuminated slopes facing each other,
- For example, the shaded slopes of spurs e Qnd d face

~each other, and this is desrimental to plastie effectliveness,

— /%~
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" To counteract this, iliuminated and shaded surfaces that

’ face cach other shovld be glven differing intensitles, xzxmm one
of them being made lighter?hgéherx darker. In doing this,
the crests and furrows of the spurs should be emphasized,

In a radial pattern, the central summit 1s usually

tﬁe highest, It should be emphasized by means of the most
intense shadow, and should cast a snadow in a direction
concordant with that of the :ight.
- he mxtent to which the detalls of the patterns
-described above are rendered depands on the acale of the
map. At some scales, the rendition may be completq while
at others, their minuteness may prevent thelr representation.

52. The representation of c¢liffs,

Cliffs and rocky areas enter into various types of relief,

0liffs are usually understood to include outerops
of hard materials which have been subject to partial erosion
by water, ice, wind action, and so férth,

Cliffs vary in shape. Rocky outcrops in the higher
porti-ns of watersheds result in rocky crags, which are
sharp, jagied, sometimes terminating inm a vertical wall,
other times branching oﬁt as spurs separated by deep

’gullies and furrows. On mountain slopes, rocky outcrops
show up as peaks, BiXiam®x columns, ledges, groups of
irregular protrusions, or relatively evwen surfaces flush
with the slopse.

{ The most com-only used means for reprhssenting xkiRfx

rockyhiﬁzfu es involve the use of light and shadow exeocuted

¢
as a Jkosss pattern, which allows not only a plastic effect,

—/85-
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but also conveys the sharj and abrupt nature.of such features.
T The technique of hachuring in representing cliffs
i3 rather solidly established in cartorrarhy.

The necessity of conveying the complexity of
rocky features in its entirety is obvious if we consider
that, on large scale mars, they are major-means of orientation
and serve to characterige the extent to which a terrain
is passable and defendable.
- The representation of cliffs by hachuring sometimes
éSmes up against the nbjection that hachures in rocky areas
exclude the use of contours and, therefore, prevent estimates
of -the incline in those areas. The reciirement is then
a?&anced that only rocky crests be shown through hachuring,
while all other rock: surfaces be expressed in
contour lines, wit! out any rendering of cliffs, Jome
cartegraphers, though not many, it is true, claim that
the deriction of cliffd should altogether be eliminated
and replaced by contour lines. The usefulness of such
a substitution has yet to be proven,

Zxperimental work concerning the reprezentation of
cliffs, both here and abroad, has aimed at a visually
m;;e effective representation of rocky areas, and its
integration with contour line representation. The use
bf.;plychrome printing processes yields very satisfactory
results in this gonﬁection. Note should be made, in
particular, of the use, on the Swiss map at 1:25,000,
of~-black contour lines on rocky surfaces, as opposed to

brown contours elsewhere. Thiek black. contour lines

- 186 -
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_phkomiose are likewlse prcserved in areas of highly pronounced
rocky gplier, simultanecusly represented by hacnuring.
Howé&er, hachuring is distributed in suen a manner that a

. narrow blank margin occurs between 1t and the contour line.
As adresult, both the hachuring and the contour pattern
are legible.

On small scale naps, the representation of cliffs in
the ﬂi;ner mtuntaih reglons 1s desirable to separate them
out_from among other features of mountainous relief.

Source materials for the representatinn of maps
inctude maps dravmn on a larger scale than the map beins,
prepared, aerial photographs that reveal rocky relief,
clearly, and information gatnered from photographs,
drawings, and the literature,

As the map is being prepared, the basic linear elements
of rocky relief (such as crags) are first entered on the
orisinal. When this 1s domne, it is essential not overload
the remalning area occupied by rocky features with contour
lines, ¥m% and to preserve only the kmirmkxammx thicker ones,

when beginning to draw in rocky features, it is
essential Xz_first to indicate in pencil the principal
aﬁa;ﬁecondary orientations gf axxXy rocky crags and spurs,
and.to mark all lines dividing 11lluminated and shaded

arsas and Rmfmrmiwimgxixmxfwxiiar cutlining areas of further

work,

. In representing a rocky crest, its Fxmxsdx sharp,

jaégcd outline is shcvm by means of hachures. These are,

inﬂtnis case, linear elements extending along the cdge

— 187 -
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of the crest. In some spots, it merges into shadows on
"lateral spurs, while in otners 1t remains a narrow line,
marginal to the illuminated and half-illuminated slopes
:of lateral spurs. In other parts still, it is interrupted
to rrxxx reveal illuminated vorojectlons occuring on the
sheded slopee The central portion of Fig. 50 shows a
érest, with layered outcrops of several formations. The

pattern of hachures in that part, orlented vertically,

conveys an overall shadow on the crest, igntrasting with

the .illuminated slope and the rocky outeréps on the slopes

-of the crest, In places where lateral spurs project from
the crest, mmmixtiiominrx thelir semi-11 .uminated and shaded
slopes are also shwwn. Hachures on spurs may be splented
dOﬁsward, toward the furrows that separate the spurs,

but the furrows themselves must be emphasized with hachures
paralleling the direction of their drainage, Thls ia

very important in showing the spurs. OQ.the illuninated
sl pe of the crest, spurs are shown as having illuminated
sides, which are aevoid of hachures, suid semi-1lluminated
sides, which are covered with fine hachures. Gdllles and
furrows are also emphasized by means of longitudinal
hachures.

The orientation of hachures may vary., They may be
vertical (i.e. extending downward), horizontal (i.e.
following the direction of crests) or intersecting. Ver tical .
hachures are usually used to emphasize ledges, preciplces
ané short inclines, while horizontal ones emnphasize the

extension of the crest in space and its sharp margins

_in representing bokh convex and concave features.

~188 ~
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" Horizontal hachures may convey variations in the
éprsure of slopes through variations\in thickness,

The mein concern in hachuring is to convey the degree
ofillumination of a particular area to HXAEXE ensure the
effectiveness of the drawing.

~_ In maxing simultaneous use of hachuring and contour
liﬁes, it is essential to bear in mind the express;ve
efrect desired and to keep evaluating the results visually,
since the presence of contour lines oliminates ® parts
of the plastic surface and makes its rendition by means
of hachuring somewhat more difficult,

Chapter VII

PREPARINGCroyOCHROME AND POLYCHROME SHADOW PATYERNS FOR PRINT
53, Thzgﬁ!gzi::ke of preparing a monochpome shadow pattern

for printing.,

The photomechanical process of rerroducing half-tones
in print used in modern cartography requires processing of
the orig inal. An original shadow drawing may be prccessed
i1 a number of ways,

- The more commonly used procedure im map publication
is the preparation of the orizinal on some opaque matenial
for subsequent xsm pro jection photography. The materisal
ig—usually paper, mounted on stiff backing (aluminum,
plywood) so xhxx:ikxntiixmxinxx*nxxx.Fs to prhserve phm
_ohiginal dimensions of the drawing. After mounting on

stiff material, the contour pattern or other linear elements

of the map belng prepared are lmparted on the paper in

blue through photostating or printing.)/;hotostattng has

, —~/89-
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the advantage that it ciu} be deleted after the shadow

" pattern has been applied, and that it will not interfere,

(Athere.f ore, with the photographing of the half-tone
representat{on.

Over the blue drawing, thé shadow pattern is tinted in.

Shading may also be used in executing the original. '

Once the shadow pattern has been applied, frame
—corners or crossed lines are marked on the oripinal
to allow the proper application of inks in printing.

Whether tinting or shading is used, it is 'possible
_thet the photographically-obtained ‘bluepring will show
-through enough to a}i\pear in subsequent printing. In
this case, it should be deleted or faded on the complebted
oririnal by means of potash, ammonia or potassium oxalate.
Then, the oripinal should be washed thoroughly for no less
than 15 mirmutes in running water. if, in the course of
this treatment, the original is not subjected to mechmnical
action, such as rubbing with wet cotton, the ink will
stay fast and rsot be washed off.

The origingl may be executed on transparent material,
and then photostated by means of contact-printer. The
meterial used may be vinyl with one mat surface. The
original is executed DY shading in pencil, and some of the
darker spots may be fﬂied with black india ink by means
of llaruéh, without any washing over. The process of projection
photogrnﬁhy then becomes Unnecessary, and one of the‘ main

causes of size distortion is eliminated thereby.

- 190 -~
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. In executing an original on some transparent material,

there is no reason for t::;ansferring a blueprint to it.

The- transparency of the material allows the executlon of
the drawing by superimposition nxnxxxhnxﬁxzxxnx;. The
material is then slmply 1aia over the editor's copy, ikm
a_ﬁinished mep or & printex's original and secured in place.
Angles, orosses and other marks are then drawn on the
trangparent sheet, to allowx the continuous checking of

the fit of the sheet over the map, and the shadow pattern
ié;then applieds In map pblicatlon transparent originals
arec still not used wildely, beceuse of the lack of a
well-developed technology to deal with thei.

However, experiwmental work has shwen that transparent
materials are susceptible of wide application, and ensure
consideraole economies of time and & more accurate preservation
of the dimensions of the original than non-transparent
materialse

A rep:esentation on & trensparent material may also
be obtainsd by means of tinting. To this end, the material
used is not vinyl, but exposed and fixed photographic film
on vwhich a layer of gelatine has been preserved. Tinting
1s done with black or colored non-actinic water-soluble
organic co;oring agents on the gelatine layer by means of
a brush. The washing ov;r of shadowz 1s more difficult
than on paper, but reproduced well in print, and mey even
yield better results if technlques are adequately developed.
The resulting representation ils reproduced either by means

of a contact.f?(n¢¢V or a printing frame,

..-/e/"/'_.
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The image obtained on the nefative, under normal
conditions has the= distinctive feature of resolving itself
into grains whose dimensions - vary with the intensity of
shadows in various parts of the image. In areas corresponding
to white or transparent portions of the original, fine
grains occur, and these form a background which may considerably
impair lifht and éhadows contrasts and the quality of the
result. To heighten contrast and reproduc.e the
original with freater fideiity,‘the conditions under
which photographic and subsequent process=s are carried
out are so combined as to eliminate grains in white areas
of the original, so that the background disappears. To
eliminate background rrains, the orifinal is first photographed
through a projection grating, and then projected onto
the same negative without a grating. This procedure
has been cescribed by S.F. Sadchikov¥,
# TInstruchions for photographic work in the publication of maps

and atlases. Moscow, Geodezizdat, 1952.

. The procedure of preparing the map for print may gometimes
include half-tone retouching on the negative, that:may
heighten contrast, bring tonal relationships ctoser to those
in the original, and eliminate background grain from the image.

The intensification of shadows on the negative and,
in par@iculnr, the elimination of background, are done with‘
black or brown water-soluble organie coloring ;gents by

means of a brush and a cotton pad. The negative is secured
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on a bench for retouching so that the image does not
appear inverted. The coloring afeut, strc;np'ly diluted with
water, is epplied with a brush where it is needed, and
the excess is wiped &wWay with the cotton pad, which is
" goakkd with water.

Retouching may also be done with a special retouching
pencil. The operation should be performed on the ermlsion
side of the negative. The image will appesr:imverted, and
this makes the work itself and the evaluation of its
results more difficult.

To weaken shadows on a negative, the following solution
is used:

Red potassium ferrocyanide 2

Hypo 15 ¢

Water 100 cubic cm.

The solution is applied with a brugh on the emulsion
side wherever shadows must Ye weakened, and the place is
then washed with water with the other end of the brush.

If this proves jnsufficient, the process is repeated.
Hglf-tone retouching (selective intensification and
fading) of the negative is a cowplex process and requires
considerable experience both in tinting relief and in the
visusl evaluation of a half-tome negative. The dual process

of intensification and fading may be reduced to a simple
process of intensifying all weak areas On the negative to
schidve a tonal relationship approximating

that of the negative. Intensification by means of a

coloring agent is less complex a process than fading through

- 193 -
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the use of potassium ferrocyanide and hypo.

" In preparing a tinted orisinal for monochrome printinfF,

it shoug.r] be remembered that even the most intensely

black printer's imk cannot he expected to raithfully
Teproduce contrasts of light and dark present in the
Gri.inal. Granulation from the grating 2lways lowers
contrast somewhat. When printing is in ink other than
black, contrast gufferes even more, With this in mind,
conirzst must be exaggerated in the original. In dping this,
of cuurse, the scale ~nd tre nature of the map should be
taken into account. I1f, for example, the representation
extends over several sheets of a multi-sheet map, contrast
-should not be made uniform on all nheets, since tnis

would be ignoring possible differences of relief. Contrast
should be greatest for the highest features, and decressed
for lower ones.

On original executed on transparent material, ghadows
should vary from completely opaque, filled with bladk india
ink or a coloring agent, to translucent, faintly shaded
by pencil or tinted with a coloring a, ert.

cli. Technigues of preparing a polychrome representation

" for printing.
Published maps often involve the representation of

_st.adows in dwo colora. The preparation of such maps Sor
printing is somewhet different than than of monochrome
..
images. In dichrome printing, two ghadow patterms are
-1aid one over the other, overlapping not throughout the

entire rap, but only in part. The first pattern

- 194 -
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consists of lonp shadows, outlining all relief features.

The second pattern which is laid over the first serves

to reinforce it only in areas of shaedow that emphasize

gigiingg%ures ol relief that ZmX¥kemw occur aloneg crests,

atv swnmits, agﬁgﬁgxgé%gg Eaélies anﬁ canyons, The two

patierns are uatched along the shadow edges tiat bLorder

on . .ualnute-.@ip as, On tac shnded slopes, the two patlerns

do unt eninciac, ovut, when axxrixinx super imwosed, yield

areas of maximt1 intensity thav gradually fade at lower
»vations, as one c¢:lor passes inte the other.

The preoaration of two axzx matchine images for wrinting

ig done in various wayse. P

one of these is to prepare one com.on tinted oricinal,
anctopuphed twice under 4ifterent conditions.
ine first time, 2 normal or low-contrast negative 1-
~ptained, which shows the entire ar~a covered by shadows
in tae o:ri.inal, The second time, a iin-contrast nerabive
is scwrht, that contains only the aarker shadows, Theso
tow imarces are then gurerimmosed in nrinting. This kemkminws
tne
1s termed "cduplex" process. The second image, if it contains
snacows tnat eanhasize the hirher featurec of relief,
contrioutes greatly to overall efibctivencss when the two
ima#es a e combined, However, one Jrawbaclt of 'he process
is thut , th-oupgh photosraphy, the second image is made
to ‘contain tns darker saadows but not necessarily only txose
tnat on husice tas nimher features of relief. Dark shndéws
océwr both in high and in low areas, furt .ermore, the

prenraratisn of the orl inal for the "duplex" nrocess cammoi

oe checked w:ile in p.opress. Thf cr-ist ean visuall.e and

~ /95 -
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evaluate onlybkecompound imapo he is to produce, kmk ahd
has no way of judming the merits of the two commonent
images separately.

Another process involves, [irst, the preparation of
’a tinteu orip.nal containing all shedows. This oariginal
ig then reproduced, with strict dimension control, in
blue half-tones on a paper mrunted on stirf backing. This
r;nroouction re-roduces the original completely. A second
shacov patitern is then erecuted on the blue copy. The
artist a »lies shedows, this time, only in those areas
'whﬁre the second color will be used in printing. After
the second nigh-contrast original is completed, the blue
image nsy be deleted. The two iaages are then matched
in the printing process.

The aivantage of tnls process over the precedinm is
that allows the intensification of shadows only where this
is necessary for xke overall effectiveness, xmd that 1%
permits visual checking as the work progresses, wkkh
saxxxax and that it provides soportunities for mkax introducing
changes and corrections.

Two distinct images may be executed on one original,

In this case, the inagés are each in a different color,

and may be separated by photograﬁhing thréugh ® color
‘filter:. The result 1s two negatives, eorresvonding to

4the two images. For example, the first image, in which all
shadows occur, may be executed in a red coloring agent or
i: red india ink., Once tnis image is Rimxihke corwleted,

the second one is drawn over 1% in black india ink, and

—~ 146 -
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contains only the highly contrast*nr shadows required to
‘reinforce the first inage. The or gzinal is then photo-
graphed twice: the first time without a filter, the second
t%me with xx through a red filter. The first pegative
contains all the shadows occuring in the original both

in red and in black, the second contains only those that
occur in black on the original., Two superimposed images
resalt in a more contrasting shadow pattern than 1s possible

witn only one color and, furthermore, provide -an o-»ortunity

for an extensive use ot various proportioys of color.

Dichrome originals are used in cartographic production,
particularly in reproducing tinted relief on maps at

1: 500,000. To 1ﬁprove this process, the compositions
of'indelible coloring agents must be gerfected sc as ‘o
aLlow the total preservation of the first image after k=
it is overlain by the second.

A dichrome pattern may also be executed on a transparent
material, such as exposed flxed photographic film. The
first imsge is executed imxxaxigexsn on thexskx gelatinous
layer in red, the second, consisting of highly contrasting
sﬁadows, is rendered in blaok. The resuliing original
is transferred twice %*m on film! the first time without
,the use of & fillter, .the second, through a red filter.

Two negatives are obtained: one with a complete shadow
pattern, the other reproducing only the pattern pccuring
in black on the original. As a filter, it is possible to
ﬁse exposed f£ilm, colored by means of the same agent as

was used in executing the initial red image. An original

-/ 9’7 -
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executed on transparent material, unlike one on paper,
allows the eliminationmf kikm the photogravhic projectiom
process, Experimental work bearing on the execution and
reproduction of transparent originals has yielded highikx
entirely satisfactory results,.

Ise i3 also made of three-color shadow patterns on
maps, and these make mmxxitkm it possible to acheive a
hich cegree of plastic ef'fectiveness.,

For the first and second colors, one original ia
subjected to the "duplex" process. For the third color,
it is advisable to execute a separate original over a
blueprint obtained from the first original,

' In printing a polychrome shadow pattern, shadows with
well-aefined borders should be matched within limits of
0.2 - 0,3 mn. Otherwiss, the image will be percelved as
double, and its effectiveness 1s mmwxdite=x considerably
impaired.

In preparing the originals of a polychrome representation
for print, it 1s very important to separate the overall
image correctly into its componcnts, and to have these
reproduced without loss as separate originals, The
procedures involved in separating a polychrome image Into
its component colors ié best grasped imx through the executlon
of wolychrome patterns. In producing a nolychrome image,
the artist must carsefully pre-determine relationships
betweon colors 50 as to facilitate the reproduction of
these relationships in separate originals. The preparation

of polychrome shadow patterns and the preparation of separate

—/7{-

Declassified in Part - Sanitized Copy Approved for Release 2013/01/24 : CIA-RDP81-01043R001600120005-2



Declassified in Part - Sanitized Copy Approved for Release 2013/01/24 : CIA—RDP81—01043R01600120005—2

cosonent images are.two proc esses that are opposite in
nature, yet mutually corplementary. Without a sure grasp
of the techniaues involved in producing a nolychrome
original, in which all color combinctions occur in syhthetic
'orm, &4y correct breakdown of an image into wnochrome
ori-vinals is not rossible, 4And only by means of a correct
brakdown is it nossible to obtaln a synthetic polychroxe
inege in print that will conform to the colored original,
the sample, or the planned image.

Vari-us countries make use of differing nrocedures in
prapx vrooessing shadow patterns, For example, in Switzerland,
in acait!n to tinting, use is atill made of shading, anolied

directly to the -rinting dle.s

# An example of the use of shading in a volychrome
representation of reiief may be seen in the map "Berner -
Oberland - Lotschber:bahn - Oberwallis", Masstab 117,000,

(tmnerly u. Frey, Bern, 1945.

Fnx maxk Map nublishers in the German Bederated Republic
make wide use of the photorelief process, which employs
terrain mocels, as pExfaxkxd developed by the K. Wenschow

Company. In the atlas for institutions of higher learning

pgbiished by K. Wenachow, relief is represented in thls manner

on physiographic maps.#% It should be noved that the same

% Wenschow - Atlas flir h¥here Lehranstalten, K. Wenschow,

Ml#nchen, 1950,

-/ g’g -
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. models are used over uraln for maps at different scales,

The map industry in the USA also imakes use of
vhctoreliefs obrained by photograpning terrain .odels,
This 1s the process exemplirfied in the ma-. of Alaska at
1: 250,000, ‘

Map makers in Czechoslovaxia use originals of shadow
patterns that are executed through shading by pencll on
paper. The drawing is photograpfed through a ‘val.ﬁ3<;7

Other countries also make use of all technigues of
shadow peprescntation, imzx both those that have been in

~use Yor a long time, and thcse that have gained currency
only in :recent times., Alongside of tinting and .shading,
hec. uring has not lost its importance and is still widely
used. Ag an example, we may clte a Norwegiah school atlas,
in which the shadow nattern 1s executed on maps by mecans
of grey hachuring on a hynsométric background and, in some

spots, is reinforced through tinting iuse, Ps

s Noralsk Skolatlas folkskol@pplagan, Andra upplagan Svenske

Bokiorlaget, Norstedts, Stockholm, 1951,

Transparent materials, that are meaxgmaxxixwiyx finding
'ever-increasing application in cartography, may be used in
_ preparing originals of shadow representations. They

xwrysxkm save time, eli:niinate certain technical stapes,

lower the cost of originals, and result in a better grade

' representation than originals executed on opaque surfaces,

However, the technigues involved in their use sti.l need

-~ 200~
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t§ be de-eloped. This particular problem reautres
sustained effort, ‘a:'uned at promoting the extensive use

of transparent materials in map rroduction,
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A scale of tonal contras

Light direotion

Diagram illus s ating own shadow,
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Hanpaonenne clema

NN
A N

8. Licht direction

Aoos w0

Disgram 1llust ating cast shadow,

9

Diagram of reflected light in ghe vertical plane

s) Reflected light when angle is small; b) Reflected

1ight when angle is large. |

10. Diagram of reflected light in the horizontal plane:

B ¢ D E F G
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Line of sight

Light ray
A B

Diagram showing light sgattering and reflection in a

concavity.
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A compa
parison of Txivminattomn the 1llumination of

surfaces under side- ang top-lightin.g

a)r sidg—iighting b) top lighting
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hree dimensional pantograph, used in preparing
rellef models by milling,
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19,
9 The reliefograph, used in preparing models from

sheet metal,
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Lighting diagram for photegraphic model.
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. . --wm » yia)UACHHAX HHXE JHHHR aa
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ﬂ untaercs. BTOPOl HCTOMHEK CBETAa, NOCHJAKWHA TAKKE HaKIOHHbIE
syus csera BB, ocnalaser raySokHe TeHH, HO lie NOJHOCTbIO. TeMHble
TeHH (CTAIOTCS B IAYGOXHX Jlouttnax # BngHax cc, ITostoMy mph-
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23. Photograph of model in central projection (reprinted

from the Journal "Photogrammetric Engineering", 18,

Ne. 3, June 1952).
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2. Photegraph of node) ia parallel projsctiomn (reprirteqd
from the journal “Photogramastric Engireering®, 18,
No. 3, June 1952).
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Variations in briphtness and intendsity. a) achromatic

and b) chromstic series of varying brightness, ¢)

variations in intensity at constant brightness.
Courtesy of the Cemeral Research
Institute of Gsodesy, Aerial Photography

and Cartography, 1956,
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higher the elevation, the darker the color"
Courtomy CRIGAPC, 1956
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27. Hypsometric colorgtion according te the prirciple “the P
higher the elevatier, the lishter the cclor®
Courtesy CRIGAPS, 1956
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30. Shadcws on a pyramid.
31. Shadows on a ceao
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33, Shedows ea a heuwlspherc.
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Geometric shapes,
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Pha;e“by phase sequence of application of shadows.
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37. Sequence in repr

esentling reliel in E'olor', _dhe ,’L’bplication

of shadows in color No. 1.

Courtesy CRI(’&?E; 1956
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The application
of shadows in color N
or No. 3. Courtesy CRIGE, 1956 |
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have been eliminated.
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1O~c Generalizing features of relief Bhrough merger,

sloanauimblx HOpM. 1ia puc. 40,8 stexoTOpbie HopMbl peabeda e\
ens vOlueit TeHbio. BepuiHel [IOKa3aHbEL OJLHIAKOBU MHTEHCHBHO
DS A0ILIME 1Y cefIoBHHAMH (8 nmKued uacTH PHCYHKA). Taxf
. oTpori noKasanbl weKom Oes BLieNeHns BepuHiL [oa g
o6 obobuUiedHs, KoueuHo, He oTvocHTCs K TEM dopmam, BN
npesbinerHe pepuni HaA nomxmeuuﬂm%nmemﬁ GOABIUIHM, o
Haveued HHTEHCHBHOCTH Teneit SBaserca ORHEM H3 nanGuy
(ACTO TPHMCHAQHBIX npuemMoe B oGo6LieHH, Hanpruep, %
GpaKenit HHeeHXBANNC nepenm%ﬂasﬂoe oporpaguueckoe Hanp
Jielne Cpein BTCPOU QNCHHBIX 31 \entoB oporpadus, TO BCE ORI
IASIOTCH pasmm'ioi'i ‘{aHCZBHOCTbe TEHH. :
Upuie BCEro BCE MNED yic/ienHble TIPHEME! oBobuienns NPEY
{sOTCR B COURTAHHM APYD yroM. ¢
OGo6uienne CaAyKIT peaCrRoM  JIf nepefaun ocobenocref, ¥
pefeasioux XapaxTe peapedaNyo ue Aa TOTO, UTOOH YKDYNgg
i craamusaTh GOpMB pesibeda. HamppMep, ecin TCPA30HTANH pi %
pesKo pacq.neﬂeuuby\ penved © 3HauNTeIbHO yrayGaeHHMH NPOSH
Hami, 10 jieo6xo My npH oGobuIeHEH CoXpawuTh HX XapaKTepal
npespaas Ax u/nonorue OWOHRIBL. 2
B aoroipeTHOM TCieBOM naobpaxein, Kpame acex nepem
yblX TPHEMOB, CPeACTBOM ofobLIeHHS ABAAETCH uaMCHeHHe uamg‘
4aBUCHMOCTH OT UBETORHIX paMeHeMHAt B UBETHOM (hoHe H TeHsx
AL FEea bt )

PR PR m
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Bee TIOPOGHOCTH, X2PaKIEPHLE UEPTH (cxasmcrme rpedis) TOKadH-
BAiOTCA B TIpEYBeJIHUeHHHX PasMepax. Hexoropsie zerann BooSie He
NoKaauBajoTes. HairpHieps\ia Kaprax sacmrasSos Measie 1:500 000
MHOPHE Kapsl TIPHHHMAKF HACTONbKO MElKHE pa3MCphi, YTO NepefaTd
WX B STOM MacuiTaGe He TPENCTABIAETCA DO3MOMUBIM naxXe TPA yBe-
AHTeHHY pasuepon/. /

Ha waprax GoJee MeJKuX gaé;naéos, ri2 HCBO3MOMXKHO Tepefarh

2 L

High mountain relief.

~§ 44. W3oGpaxenie CpeAHeropHoro peanea

Cpenueropustit peabed X2paKTepPH3YeTCs OTHOTHTRABLNEIN jipessl-
wenner (GopM pedreda Hal NpHJICTIOUIIMH DaBHHIaMI B npeaenax
500—1500 s Popmu penbeda B psae CAyyaes nymelor  cxagnetafi
xapaKrep, . HO walile ~3TO BEpapHentble’ OKpyrJbe BEpIUHY ¥ BOAO-
paszein.

Cpeaneropri pesibedy MOXeET FQOTArHBATLON B BHae Xpe6TOB, 2
TaKKe PACTIONAraThesi MacCHBamiy/ WL FOPHEIMHE LEnsiMi, pasfcner-
RLMH NIDORC/ILHBIMH i TOTIEpEHEIMI peugbiMi FORHAMIL.

Borsiee HH3Kie BHICOTH, MEM Bucoxc}opuom pebede, 08a3HBART
NPHMEHATD B H3OOPANKEHHH MBleC yuTeHCHBREG TOHH. FCmt L5t Hepe
J2uA  BHICOKOTOPROTO  penbeda TIpHMEIIAIOT TPH. KPACKI, flakiaisl-
paeyble ONHA HA APYTYo BAlanGonce TEMHX MECTAX,-TO B CpeaHerop-
HoM peflbepe IOCTATONHO/IBYX KDacOK.

109
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CKa/mictle  ytacTs Arpeqawmmx‘n B CPEIHETOPHOM pem?etbe.
BLUIENAIOTCH m:u,x}‘zéiaro,gosuo.mcr caenath Macwral xeprel. [nas-
HHM 06pa3oM, CKaNHCTHe (OPMB BHAENSIOTCH *HA €apTaXx KPYINES
Macurradoa, /

Q2. Medium-elevation m untainous relief,

'

Kax # B usbicoxo,opnos peibede, ocHOBHOE B H300paKeHny - -
3TO [ICPeNdYa  MOHU.IMTUOCTH dopn, CBHIAHHOCTH HX MEXKAY cOBOH,
ue1bHOCTH C 37108 1enbio AUEPKABAIOTCH NaHGONee BRCOKHE BOpMH,
AZeTCH NAJZN0UAN TeHb, saKPNBAIOWAd MeHee BHICOKHE (POpMB, Bupa-
KAWTCA Pevtibe JOTHHAE H Gop&?ﬂb;/no CK10HaM xpeGroB (pue 42)

§ 45. H3oSpamenye nedxoropnoro peaseda

K Hitsxoropiomy pc.'vbelpy/omo;'ﬁmx TopH 0T 260 10 1000 4 26-

7

COMOTHOIN 1bICOTHE ¢ TAYOHHON pacusenenis,go 500 . Fluskse repK
MOTYT OKJIa.(WBATHCH KaK/OKPYIIBIMH, Tak peskuME  GopMamn
pesea. : °
Tewn, nvavepxunaigline oxpyrase dopums peasega, nalotcn menee
WHTCHCHBHBIMH, ueM § cpeaneropioM peasede, ILis reneroro naofipa-
HEHHAI DOTTATOHHO AlpuMeHeHHn oxloR &packu. Liser tenu Gosee xo-
JOIRWE, 4em B 2KEHHH BHCOKOTODHOTO H CPERHETODHONY pens-
epa. Hdas nepegasu pesxux dopm HH3KOropeoro penbeda neseco-
00pasHO TIPHMEHATD [ABE KPACKH, YUHTHBES, 210 BTOP2S Kpacka, Gosice

i10 °
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L. Hilly relief,
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1 Ha gaprax xpynbix sacurtados (1200000 kpymitee) B usobpa-
IKeHHH TaiOKe TNepefaloTca KpaTepH pyAKanoB. 1eHb Ha Kparepax
MaxkJaAHBaeTcs, HKCXOAR H3 o61eyCTaHOBJIEHHOTO Ranpas/esiks 60
KOBOro csera.

4

.o BT-5 r W
T e

3t
B
R RN T o a1

Vdcanoes.

§ 48. Uaofpaxenne [iaTo W MJIOCKOTGpHi

[lnato OrpaHHUEHO KPYTHIMH oGpHBaMH, MaJ0 HIH nouTH HE pac-
yienero, cJoxeHo FOPH3OHTANIbHO 32/1eTAI0UIMMH TIOPOIaMH.

Tlnocokoropbe TIPeACTaBALT NOJHATYI0 DABHHHY, B KOTOpYIO Tay-
Goko BpeaatH PEKH.

[px apaunTe]bHOR PasHKle NaaTo H [IOOKOTOpbS HisciOT oGIixe
yepTh, KOTOpHE TO3BOJRIOT HMCKATh CXOUHBIE criocobu H3o0paxeHHs
Ofupiv ABJAAETCH HAJHUHE ropuaomanbﬂoﬁ TIOBEPXHOCTH, Orpanuued-
HOfi TIOJIOTHMH HJH KpYTHIMH ckaonamu. CriioHs, OrpaHHUHBAIOLIHC
FOpH3OHTANIBHBIC TIOBGPXHOCTH, H300paxalores fipy  OTBECHOM WM
GiH3KOM K HEMY OCBELIEHHH, K KOTOPOMY npHMEIUHBALTCR HoKOBOI
cper. Ha ckioHax HaloTcs TeHH B 32BHCHMOCTH OT HX KPYTH3HEL Oxn-
HAKO B COOTBETCTBHH € OpUEHTHPOBAHAEM CKIGHOB no CTOpoHaM ro-
pusoHTa TEHH YCHIHBAIOTCA WJIH ocabARIOTCA TIPH H3MEHEHHSX 3KC-
osuuml cxsionos (PHC. 46). Ha «pymomacurraénux Kaprax HMeercs
' g0aMOHOCTb  Gonee BHpPA3HTEIbHO TNepeaatd naTo M MJ0CKOropha,
gew Ha MeJKoMacwTaGHbIX KapTaX, TaK KaK 11a TNOC/IefHHX 32JI0MEHHA

8 1. K. Koaazes R 113
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(oHom, nepenatowuy 3hdexT suanywmoit awvku Mas teweft uene-
€006pa3N0 NPUMEHATb ABA LBETA TenAWfl (KopHuMenwft) ans Gonee
BLICOKHX «DOPM H XOJIOAHHHA (cepo-3e/leHNH WiH CHHe-(pHONETORMA) s
HH3KHX (JODPM  MJIH e ONHH Tenanl (Kopuueswtit). Opnounernas
TeHb 1afT MeHblHil IdeKT, uem ABYXUBCTHAS,

% T Ty
g. Wf' .
Aty
E :-n-,-av-#’! -]
e . .‘:‘§
3 4.:?,~‘. +

#tgx A plain,
a) wlide-lighted b) top-lighted.

. Pasanunsle -THNR TOPHIOKTAJBHOIO PACUJIEHOHHS FOPHOTO peaseda:
/ NIEPHCTO., PAAHAVIbHOE, BHDTALHH, KyJHCHOE, pellleTdaToe # ADYTHe 3
. OTMMUAIOTCH DA3/IHUHBIM HAMpaBJieHHeM 3/IEMEHTOB oporpadru. [lepe- {
. Aada pas/HYHi pacwieHewHs TPeOyeT ONpEJENeRHOIO OCBEeHHS K i
] . TPHMOHeHHs! ONpPEe/eJIeHHbIX 3JIEMEHTOB CBETOTeHH

> Ha puc 49, e npencrasiaens mepucroe pacunenesne. Hanpasnesne
XpeGTOB H OTPOTOB TpeGyeT OCBELIEHHS, NO/YePKHBAIOMETO H 1ABRGA o
H BTOPOCTENEHHbie OTPOTH i
Heobxopumo cBer HanpaBHTb Tak, YTOOH JIydH OAHOBPEMEHHO Ta-
AA74 NOA YIJIOM KaK Ha T/aBHHf xpebeT, TaK H Ha OTPOTH, BhLBHBER

06pa30BaHHe TeHeBHX TIOBepXHOCTed.
Puc. 49,6 nsobpaxaer mapaifelbtioe pacriooXenue XxpeGroz u
orporos [logo6Hoe pacnonoXeHHe BCTPeYaeTCs MOBOJLHO vacto B
3Tow oryuae BHICOP HATIPABJEHHA CBeTa OOJIBIUHX 3aTpYmHeRANE mne
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b
4
Light directions for tinting in various patterns of

relief segmentation: &) pinnate; b) parallelj s8) retioculate}

‘a) branching; e) radial,
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Matepuaaon g HIUODUREHHS (Kt 71311014 5 KapTh Macurafu i
Oouee KpYIHRX, oM vtacmTaG COCTLRIACMUT KAPTH,  23DOCHIMKH
CUTHUL B BI0OPARCHICS  ChaaAdoro pedbeda i ceenns, no-
HCPIRY Thi .-W}v-mrlmupmi, PHCY e 1 TH1epaTy pi .

| STIE HPOCECE COCT LIS AP TR 0CHOR Thie STHIHE Chad. 1 TO1 S
DELCDE (HANPEMEP, Chin i e rOCOHI) dantosiTen Ha opiiwnada. Ho
FOLUE - AU He0fo U0 oo tagBiy o mdome 4, HHMACMYIO ChATAMM,
WITPYIRATE HE oMK TopHpfiTauinMl, @ ToAbR NV IOLHLTH B A

B wanee piosanin/cra g HCOAXO MO KAPAILLUOM  HAMCTHIb
OCHORHBIC 1 BTODOC T DQHBIC LAHIN CKATICTH Y spefinelt woorporos,
< TARIKE BLLICAUTE s M, 510 s EPAIBLavy Cneta # Tenn
Hoonpee Bioite pAneinnhi IPOLECC PHCORA s CRA

Hpu steobpamefian ckatmerol 1peGus ocTpuiit 331y 6pennufi xa-
QAKTED ero nepedacies mrpusavin 10 oGuo SHUHA, TIDOTAT HBALO-
wasca p,1on g rpeois Booumiy Siecrax ona IIePEXO/IHT B TEHH
Ha 60KosbIX gfporax APAIU L MECTAN 0T TCH TOHKOR JIHHHCR, rpa
MHYALER C OcBemennnyn p UOAVOCHONEIN MY CRIOHAME  GOKOBIX
CTPOTAR 2 ACKOTODBIN & MecTax APEPRBALTO, OTRDIRAG ocHeIenne

—
%0, The revresentation of clifeg through hachuring.

BRCTVIN PACTIOONENHNe Ha Tenenhoy vkrone Ha sin. 50 8 pewr-
BAABNHOR Yariy Hpe W raBnen 1 pelenn HpOC-I0fiKaMit Bhxo08 pasaity
HUX 1opo 1 CHETesa PEpTixons B sron MECTE, PACHOTOKCHEBIY BOPTH-
KabiHO  fiepetact ofyvio Tenp py rpeGHe. KOHTPaCTHYK) © OCReIyeH-
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